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ABSTRACT	  In	  hospitals,	  medical	  charting	  systems	  have	  been	  historically	  used	  as	  a	  memory	  aide.	  	  Over	  the	  past	  decade	  hospitals	  around	  the	  world	  have	  been	  transitioning	  from	  paper-­‐based	  systems	  to	  an	  electronic	  system	  as	  technology	  is	  developing.	  	  Previous	  research	  has	  focused	  on	  adoption	  processes	  and	  physician	  preferences	  but	  little	  research	  has	  been	  done	  on	  how	  the	  changing	  technology	  impacts	  the	  ability	  to	  complete	  charting	  tasks.	  	  Recent	  research	  has	  demonstrated	  a	  location	  updating	  effect	  on	  memory	  that	  explains	  as	  individuals	  enter	  a	  new	  space	  through	  a	  doorway	  they	  forget	  some	  of	  the	  information	  that	  was	  held	  within	  their	  working	  memory.	  	  This	  phenomenon	  has	  potential	  for	  significant	  negative	  effects	  in	  hospital	  charting	  when	  medical	  professionals	  elect	  to	  complete	  their	  charting	  activities	  away	  from	  the	  patient’s	  bedside.	  	  	  This	  research	  evaluated	  the	  effect	  of	  different	  input	  technologies	  and	  the	  effect	  of	  doorways	  (the	  location	  updating	  effect),	  on	  medical	  charting.	  	  Participants	  were	  shown	  videos	  of	  medical	  scenarios	  and	  asked	  to	  recall	  and	  input	  patient	  information	  on	  a	  medical	  chart	  presented	  as	  a	  paper	  chart	  or	  electronically	  on	  a	  tablet,	  and	  a	  laptop,	  in	  a	  balanced	  randomized	  order.	  	  They	  were	  allowed	  to	  take	  notes	  during	  each	  medical	  scenario	  video	  clip	  to	  generate	  a	  baseline	  of	  performance	  and	  understand	  what	  they	  had	  been	  attending	  to	  in	  the	  medical	  clip.	  	  Performance	  scores	  were	  then	  assigned	  based	  on	  the	  number	  of	  items	  accurately	  recalled	  after	  a	  one	  minute	  break	  during	  which	  they	  either	  entered	  a	  new	  room	  through	  three	  doorways,	  walked	  back	  and	  forth	  in	  the	  original	  room,	  or	  simply	  waited	  while	  seated.	  	  The	  items	  to	  be	  recalled	  included	  demographic	  information	  about	  the	  patient	  in	  the	  video,	  narrative	  information	  related	  to	  the	  patient’s	  medical	  history,	  numeric	  data	  in	  the	  form	  of	  vital	  signs	  and	  current	  or	  prescribed	  medication	  data	  in	  a	  checkbox	  format.	  	  Results	  show	  that	  significantly	  more	  items	  were	  recalled	  to	  paper	  (13.5)	  compared	  to	  either	  the	  laptop	  (11.8)	  or	  tablet	  (9.7).	  	  There	  was	  no	  evidence	  of	  a	  location	  updating	  effect.	  
	   	  
	  
The	  first	  study	  showed	  that	  paper	  was	  the	  superior	  system	  for	  both	  recording	  notes	  and	  for	  recall,	  results	  were	  inconclusive	  in	  determining	  if	  this	  performance	  was	  attributable	  to	  the	  motor	  skills	  required	  by	  handwriting	  or	  not.	  	  The	  second	  study,	  following	  nearly	  the	  same	  experimental	  protocol,	  evaluated	  handwriting	  on	  paper	  (12.4	  items	  recalled)	  and	  on	  tablets	  with	  the	  use	  of	  a	  stylus	  (9.9	  recalled).	  	  It	  confirmed	  that	  paper	  was	  the	  superior	  method	  for	  note	  taking	  and	  recall.	  	  The	  implications	  of	  these	  findings	  and	  limitations	  of	  the	  study	  are	  discussed.	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1.1	  Human	  Memory	   	  Humans	  rely	  on	  their	  memory	  systems	  in	  order	  to	  perform	  cognitive	  tasks.	  	  	  Memory	  aids	  in	  the	  process	  of	  learning	  and	  provides	  a	  performance	  tool	  that	  facilitates	  mental	  work	  (Logie	  &	  Della	  Sala,	  2001).	  	  There	  are	  multiple	  subsystems	  of	  human	  memory	  (Repovs	  &	  Baddeley,	  2006;	  McLeod,	  2008).	  	  Cowan	  (2008)	  describes	  the	  differences	  between	  the	  long	  term,	  short	  term	  or	  working	  memory	  stores.	  	  Long-­‐term	  memory	  describes	  a	  system	  in	  which	  learned	  information	  is	  stored	  and	  accessed	  only	  when	  that	  information	  becomes	  necessary	  to	  the	  task	  at	  hand.	  	  Short	  term	  memory,	  synonymously	  referred	  to	  as	  working	  memory,	  describes	  a	  system	  in	  which	  information	  is	  held	  in	  the	  forefront	  of	  the	  brain	  for	  easy	  access	  as	  it	  is	  being	  learned	  before	  it	  makes	  its	  way	  into	  the	  long	  term	  memory	  store	  (Miller,	  1956).	  	  	  This	  project	  will	  analyze	  the	  effects	  of	  technology	  and	  the	  location	  updating	  effect	  on	  working	  memory	  for	  medical	  charting.	  	  	  	  	   	   	  
	  2	  
	  Figure	  1:	  Baddeley’s	  representation	  of	  Working	  Memory	  (McLeod,	  2012)	  	  A	  number	  of	  psychologists	  have	  described	  the	  working	  memory	  system	  over	  the	  years,	  identifying	  key	  components	  that	  work	  together	  to	  assist	  in	  the	  formation	  of	  new	  knowledge.	  	  Baddeley	  and	  Hitch	  (1968)	  developed	  the	  multi-­‐component	  model	  of	  working	  memory,	  which	  delineates	  the	  functional	  aspects	  of	  human	  memory.	  	  Subsequent	  researchers	  have	  confirmed	  that	  the	  components	  of	  the	  memory	  system	  include	  a	  visuospatial	  sketchpad	  that	  stores	  visual	  stimuli	  in	  memory,	  a	  phonological	  loop	  that	  keeps	  auditory	  stimuli	  in	  memory	  and	  a	  central	  executive	  that	  runs	  the	  system	  (Baddeley,	  1988;	  Buchsbaum,	  2010;	  Repovs	  &	  Baddeley,	  2006).	  	  The	  visuospatial	  sketchpad	  acts	  as	  a	  
	  3	  
graphical	  representation	  of	  information	  stored	  in	  working	  memory.	  	  It	  allows	  for	  the	  visualization	  of	  a	  certain	  image	  or	  text	  to	  be	  held	  within	  the	  mind	  and	  referred	  to	  for	  the	  purpose	  of	  recall.	  	  The	  phonological	  loop	  acts	  as	  a	  short-­‐term	  rehearsal	  mechanism	  where	  information	  that	  is	  attended	  to	  is	  played	  back	  on	  loop	  to	  facilitate	  ease	  of	  recall.	  	  Rehearsal	  is	  an	  effective	  strategy	  to	  keep	  lists	  of	  information	  in	  mind	  (Baddeley,	  1988).	  	  The	  central	  executive	  runs	  the	  working	  memory	  system,	  and	  it	  helps	  channel	  information	  to	  and	  from	  the	  long-­‐term	  memory	  store	  (Logie	  &	  Della	  Sala,	  2001).	  	  Each	  of	  these	  components	  works	  together	  for	  seamless	  transfer	  of	  ambient	  information	  to	  individual	  knowledge.	  	  Further,	  each	  system	  can	  operate	  concurrently	  until	  new	  stimuli	  displace	  the	  information	  held	  within	  human	  memory.	  	  An	  example,	  humans	  can	  rehearse	  a	  list	  of	  words	  using	  the	  phonological	  loop,	  while	  keeping	  an	  image	  in	  mind	  however	  once	  new	  auditory	  or	  visual	  stimuli	  is	  presented	  it	  displaces	  the	  information	  that	  is	  currently	  being	  attended	  too,	  if	  that	  information	  was	  not	  transferred	  to	  the	  long-­‐term	  memory	  it	  is	  forgotten	  (McLeod,	  2012).	  	  	  Miller	  (1956)	  describes	  the	  span	  of	  short-­‐term	  memory	  within	  the	  range	  of	  seven	  items.	  	  “Humans	  can	  process	  7	  categories	  for	  absolute	  judgments,	  hold	  7	  objects	  in	  the	  span	  of	  attention,	  and	  7	  digits	  in	  their	  immediate	  memory”.	  	  Memory’s	  capacity,	  however,	  is	  affected	  by	  the	  complexity	  of	  the	  information.	  	  For	  example,	  for	  binary	  information	  the	  span	  reaches	  9,	  for	  monosyllabic	  English	  words,	  the	  span	  drops	  to	  5.	  	  This	  range	  is	  where	  the	  capacity	  limitation	  of	  7	  ±	  2	  comes	  from.	  	  Miller	  (1956)	  also	  describes	  a	  chunking	  phenomenon	  that	  can	  increase	  the	  amount	  of	  information	  held	  within	  the	  capacity	  of	  working	  memory	  in	  discernable	  groups.	  	  When	  related	  stimuli	  are	  presented	  consecutively	  humans	  are	  only	  able	  to	  accurately	  maintain	  7	  ±	  2	  discrete	  items	  in	  mind,	  however,	  as	  they	  begin	  to	  group	  like	  items	  into	  larger	  chunks	  they	  are	  able	  to	  maintain	  more	  information.	  	  	  The	  human	  memory	  span	  can	  still	  only	  hold	  a	  fixed	  number	  of	  chunks,	  7	  ±	  2,	  although	  the	  complexity	  of	  the	  chunks	  can	  increase	  as	  seen	  with	  tasks	  pertaining	  to	  the	  reordering	  of	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long	  strings	  of	  digits.	  	  Assigning	  new	  values	  to	  groups	  of	  2	  or	  more	  digits	  allows	  the	  individual	  to	  remember	  far	  more	  than	  if	  they	  simply	  try	  to	  remember	  each	  digit	  in	  a	  strand	  independently.	  	  Miller’s	  (1956)	  work	  demonstrated	  that	  “the	  span	  of	  absolute	  judgment	  and	  immediate	  memory	  impose	  severe	  limitations	  on	  the	  amount	  of	  information	  we	  are	  able	  to	  receive,	  process,	  and	  remember.”	  	  Logie	  and	  Della	  Sala	  (2001)	  have	  defined	  working	  memory	  as	  “a	  system	  with	  limited	  capacity,	  which	  loses	  information	  over	  periods	  of	  seconds,	  whose	  contents	  are	  subject	  to	  displacement	  by	  new	  input,	  and	  which	  interacts	  and	  is	  supported	  by	  other	  parts	  of	  the	  cognitive	  system	  such	  as	  stored	  knowledge	  or	  products	  of	  perception”.	  	  This	  system	  can	  be	  conceptualized	  as	  a	  short-­‐term	  store	  where	  stimuli	  are	  often	  rehearsed	  and	  then	  recalled	  momentarily	  as	  required	  when	  the	  user	  performs	  their	  mental	  task.	  	  Working	  memory	  relies	  on	  the	  individual’s	  knowledge	  base,	  and	  the	  more	  information	  the	  individual	  has	  stored	  in	  his	  or	  her	  long	  term	  memory	  stores	  the	  more	  readily	  the	  working	  memory	  system	  can	  attend	  to	  this	  information	  and	  call	  it	  to	  attention	  (Van	  der	  Linden,	  1998).	  	  “Information	  that	  has	  been	  recently	  presented	  to	  the	  senses	  may	  activate	  traces	  in	  long	  term	  memory	  which	  then	  become	  available	  to	  components	  of	  working	  memory”	  (Van	  der	  Linden,	  1998).	  	  Working	  memory	  relies	  on	  a	  knowledge	  base	  yet	  is	  able	  to	  improve	  through	  specific	  training	  (Klingberg,	  2010).	  	  	  Klingberg	  (2010)	  describes	  multiple	  training	  mechanisms	  that	  have	  been	  demonstrated	  to	  improve	  the	  quality	  of	  working	  memory.	  	  They	  are	  distinguished	  as	  explicit	  and	  implicit	  training.	  	  Implicit	  training	  provides	  gradual	  improvements	  and	  requires	  practice	  of	  tasks	  developed	  specifically	  to	  use	  working	  memory.	  	  Implicit	  tasks	  include	  memory	  tests	  for	  holding	  words	  in	  lists	  or	  remembering	  certain	  features	  of	  visual	  or	  auditory	  stimuli.	  	  Explicit	  training	  is	  the	  employment	  of	  new	  memory	  strategies	  such	  as	  rehearsal,	  or	  chunking	  to	  hold	  more	  information	  in	  mind.	  	  These	  strategies	  allow	  for	  more	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rapid	  changes	  in	  the	  capacity	  of	  working	  memory.	  	  Klingberg	  (2010)	  describes	  a	  training	  system	  in	  which	  working	  memory	  tasks	  are	  completed	  for	  30-­‐40	  minutes	  per	  day,	  5	  days	  a	  week	  for	  5	  weeks	  with	  the	  aims	  of	  increasing	  the	  number	  of	  visuospatial	  stimuli	  that	  can	  be	  held	  in	  working	  memory.	  	  Researchers	  who	  have	  used	  this	  training	  strategy	  have	  found	  30-­‐40%	  improvement	  in	  the	  capacity	  of	  working	  memory	  compared	  to	  15%	  improvement	  in	  the	  control	  groups	  that	  received	  no	  specific	  training	  on	  strategies	  to	  improve	  working	  memory.	  	  For	  task	  specific	  training	  of	  working	  memory	  performance	  improvements	  can	  be	  seen	  after	  2	  weeks	  of	  active	  training	  approximately	  30	  minutes	  per	  day.	  	  Related	  research	  is	  still	  seeking	  to	  understand	  the	  optimal	  level	  of	  training	  and	  any	  limits	  to	  the	  capacity	  of	  improvements	  individuals	  are	  able	  to	  achieve	  through	  repeated	  training	  efforts.	  	  	  Working	  memory	  relies	  on	  existing	  knowledge,	  and	  organizes	  new	  information	  into	  long-­‐term	  memory	  stores.	  	  “Working	  memory	  is	  also	  considered	  to	  play	  an	  important	  role	  in	  transferring	  information	  from	  sensory	  input	  to	  long	  term	  memory	  and,	  in	  particular,	  to	  be	  closely	  involved	  in	  the	  learning	  of	  novel	  information”	  (Van	  der	  Linden,	  1998).	  	  Richardson	  (2007)	  conducted	  a	  review	  on	  short-­‐term	  memory	  in	  the	  literature,	  a	  key	  component	  in	  memory	  research	  had	  been	  familiarity	  or	  knowledge	  base	  on	  human’s	  ability	  to	  recall	  information.	  	  In	  several	  studies	  where	  children	  and	  adults	  were	  asked	  to	  recall	  strings	  of	  words	  they	  were	  consistently	  better	  able	  to	  recall	  words	  that	  they	  could	  attribute	  a	  meaning	  too	  rather	  than	  nonsense	  vocabulary.	  	  This	  idea	  supports	  the	  processes	  involved	  during	  chunking,	  where	  new	  meanings	  are	  attributed	  to	  groups	  of	  information	  to	  increase	  the	  capacity	  of	  working	  memory.	  	  An	  example	  of	  this	  point	  is	  illustrated	  through	  imagining	  a	  random	  string	  of	  letters	  and	  then	  finding	  out	  a	  pattern	  exists,	  when	  separated	  by	  spaces	  groupings	  are	  formed	  that	  hold	  meaningful	  information	  in	  the	  form	  of	  a	  familiar	  acronym.	  	  	  	   It	  is	  important	  to	  understand	  how	  the	  human	  memory	  system	  functions	  independent	  of	  influences	  of	  technology	  or	  environment	  before	  manipulating	  these	  factors	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and	  evaluating	  their	  effects.	  	  As	  the	  field	  of	  memory	  research	  continues	  to	  grow	  more	  research	  is	  being	  done	  that	  evaluates	  direct	  influences,	  like	  technology	  and	  environment,	  which	  will	  be	  described	  in	  the	  following	  sections.	  	  	  	  
1.2	  Memory	  &	  Technology	  	  Currently,	  there	  are	  a	  variety	  of	  technological	  input	  devices	  at	  our	  disposal	  to	  facilitate	  the	  process	  of	  remembering	  information.	  	  	  Pen	  and	  paper	  allow	  for	  the	  manual	  formation	  of	  written	  information	  that	  is	  encoded	  in	  the	  brain	  and	  recalled	  when	  needed	  (Stausberg,	  Ingenerf,	  &	  Betzler,	  2003).	  	  Electronic	  technology	  is	  also	  able	  to	  record	  and	  store	  information	  in	  many	  situations.	  	  Research	  on	  memory	  and	  technology	  has	  produced	  mixed	  results	  as	  to	  which	  storage	  system	  allows	  for	  the	  best	  functioning	  human	  memory.	  	  	  Research	  on	  working	  memory	  for	  written	  text	  has	  evaluated	  the	  ability	  to	  locate	  specific	  words	  in	  a	  body	  of	  text.	  	  Kellogg	  (1996)	  proposed	  that	  human	  memory	  is	  subject	  to	  a	  text	  generation	  effect.	  	  This	  generation	  effect	  suggests	  that	  human’s	  are	  more	  likely	  to	  recall	  information	  about	  a	  text	  that	  they	  wrote,	  opposed	  to	  a	  text	  that	  they	  read	  from	  an	  alternate	  author.	  	  The	  manual	  formation	  of	  information	  helps	  people	  recall	  certain	  aspects	  of	  the	  information,	  specifically,	  location	  of	  certain	  words	  or	  phrases	  within	  a	  larger	  passage.	  	  Bigot,	  Passerault,	  and	  Olive	  (2009)	  conducted	  a	  study	  that	  evaluated	  the	  ability	  to	  locate	  specific	  words	  that	  were	  generated	  by	  the	  participants	  themselves,	  or	  read	  from	  previously	  composed	  passages.	  	  In	  the	  conditions	  where	  participants	  were	  creating	  the	  text	  they	  were	  able	  to	  recall	  the	  location	  of	  key	  words	  with	  20%	  more	  accuracy	  than	  chance	  levels	  would	  have	  predicted,	  supporting	  Kellog’s	  (1996)	  generation	  effect.	  	  Bigot	  et	  al.	  (2009)	  supported	  the	  claim	  that	  in	  generating	  words	  the	  brain	  creates	  a	  spatial	  layout	  of	  the	  text	  and	  refers	  to	  this	  mental	  image	  when	  later	  asked	  to	  locate	  specific	  parts	  of	  text	  within	  a	  passage	  (Bigot	  et	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al.,	  2009).	  	  This	  work	  demonstrates	  the	  effects	  of	  the	  visuospatial	  sketchpad	  and	  its	  relationship	  to	  the	  formation	  of	  information.	  	  	  Drew	  and	  Vogel	  (2009)	  found	  positive	  correlations	  between	  the	  capacity	  of	  working	  memory,	  and	  cognitive	  abilities,	  specifically	  intelligence	  levels	  and	  attentional	  resources.	  	  Reading	  span	  tasks,	  where	  participants	  are	  asked	  to	  recall	  the	  last	  word	  of	  each	  sentence	  in	  a	  passage,	  have	  been	  developed	  to	  assess	  intelligence	  level	  and	  performance	  on	  those	  tasks	  directly	  correlates	  to	  SAT	  performance.	  	  Attentional	  research	  focuses	  on	  the	  specific	  types	  of	  information	  that	  participants	  hold	  in	  their	  working	  memory	  capacity.	  	  These	  studies	  typically	  find	  that	  high	  performing	  individuals	  with	  larger	  capacity	  in	  their	  working	  memory	  are	  better	  at	  attending	  to	  relevant	  information	  than	  low	  performing	  individuals.	  	  Low	  performing	  individuals	  often	  have	  up	  to	  three	  times	  the	  amount	  of	  irrelevant	  information	  that	  acts	  as	  noise	  during	  a	  memory	  task	  (Drew	  &	  Vogel,	  2009).	  	  	  Understanding	  the	  tools	  used	  to	  help	  encode	  information	  into	  our	  working	  memory	  systems	  can	  be	  revealing.	  	  Naka	  and	  Naoi	  (1995)	  highlighted	  the	  role	  of	  motor	  memory,	  associated	  with	  manual	  writing,	  and	  its	  relationship	  with	  ability	  to	  freely	  recall	  information	  as	  compared	  to	  only	  reading	  and	  rehearsal	  of	  experimental	  stimuli.	  	  They	  found	  that	  “it	  is	  the	  writing	  action	  itself	  not	  the	  output	  that	  is	  important.”	  Through	  their	  experiments	  they	  evaluated	  the	  modality	  of	  encoding	  for	  its	  effect	  on	  free	  recall	  or	  recognition.	  	  They	  determined	  that	  writing	  outperformed	  reading	  recall	  for	  words,	  non-­‐words	  and	  graphic	  designs,	  and	  for	  recognition	  writing	  outperformed	  reading	  for	  non-­‐words	  and	  graphic	  designs.	  	  Overall	  effects	  of	  repeated	  writing	  on	  recall	  allowed	  for	  M=7.36	  item	  (p=.008)	  improvement	  in	  recall	  compared	  to	  reading	  the	  stimuli	  then	  recalling	  the	  information.	  	  This	  result	  was	  not	  culturally	  dependent	  as	  it	  was	  found	  among	  all	  participants	  independent	  of	  race	  or	  gender.	  	  Additionally,	  they	  determined	  that	  the	  method	  used	  for	  encoding	  information	  directly	  relates	  to	  the	  performance	  of	  retrieving	  the	  information	  when	  done	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using	  the	  same	  method,	  support	  of	  encoding	  specificity	  phenomenon	  suggesting	  that	  consistency	  between	  encoding	  and	  retrieval	  media	  establishes	  a	  stronger	  recall	  (Naka	  &	  Naoi,	  1995).	  	  	  After	  identifying	  the	  positive	  relationship	  motor	  memory	  has	  with	  our	  ability	  to	  recall	  information,	  Parkinson	  and	  Khurana	  (2007)	  determined	  just	  how	  far	  the	  process	  of	  manual	  writing	  can	  be	  broken	  down.	  	  They	  studied	  participants’	  ability	  to	  identify	  letters	  based	  by	  single	  strokes	  used	  in	  alphanumeric	  letter	  formation	  during	  manual	  handwriting.	  	  “Participants	  were	  significantly	  faster	  to	  identify	  letters	  from	  consistent	  temporal	  sequences,	  indicating	  that	  the	  initial	  part	  of	  the	  sequence	  contained	  sufficient	  information	  to	  prime	  letter	  recognition.”	  	  The	  comparison	  between	  consistent	  stroke	  order	  and	  inconsistent	  stroke	  order	  proved	  to	  be	  significant	  (p=.001)	  that	  consistent	  stroke	  order	  allowed	  for	  46ms	  faster	  recall.	  	  	  Further,	  when	  participants	  were	  asked	  to	  indicate	  how	  they	  formed	  each	  letter	  they	  could	  not	  say	  with	  certainty	  with	  out	  mimicking	  writing	  the	  letter	  in	  the	  air.	  	  This	  indicates	  that	  the	  motor	  skills	  associated	  with	  writing	  may	  become	  innate	  once	  learned	  and	  motor	  knowledge	  takes	  over	  our	  ability	  to	  accurately	  perceive	  and	  describe	  the	  stimuli	  as	  we	  attend	  to	  it.	  	  Parkinson	  and	  Khurana	  (2007)	  concluded	  that	  people	  are	  “surprisingly	  unaware	  of	  well-­‐learned	  and	  well-­‐executed	  movements”.	  	  They	  suggest	  that	  the	  perception	  of	  the	  stroke	  order	  primed	  letter	  recognition	  by	  activating	  traces	  stored	  in	  motor	  memory	  for	  well-­‐learned	  skills	  among	  participants.	  	  	  Motor	  memory	  can	  be	  used	  to	  help	  individuals	  remember	  the	  text	  they	  are	  writing,	  as	  shown	  by	  Longcamp,	  Boucard,	  Gilhodes,	  and	  Velay	  (2006)	  who	  conducted	  a	  study	  to	  determine	  if	  the	  orientation	  of	  newly	  learned	  letters	  could	  be	  remembered	  with	  any	  accuracy.	  	  This	  study	  evaluated	  the	  effects	  of	  learning	  from	  typing	  and	  from	  manual	  handwriting	  and	  found	  that	  when	  characters	  were	  learned	  from	  typing	  they	  were	  more	  confused	  with	  the	  mirror	  image	  compared	  to	  those	  learned	  and	  written	  by	  hand.	  	  The	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experimental	  design	  consisted	  of	  two	  stages,	  a	  learning	  stage	  where	  the	  new	  letters	  were	  being	  learned	  and	  a	  testing	  stage	  where	  they	  were	  tested	  based	  on	  recognition,	  and	  discrimination.	  	  For	  those	  who	  learned	  through	  handwriting	  their	  correct	  responses	  were	  greater	  than	  for	  those	  who	  learned	  from	  typing	  by	  a	  score	  increase	  of	  5.27	  points,	  (p<.05).	  	  	  Recognition	  in	  this	  study	  was	  dependent	  on	  the	  nature	  of	  the	  motor	  activity	  experienced	  during	  learning.	  	  “The	  main	  result	  of	  this	  study	  was	  that	  learning	  the	  characters	  by	  handwriting	  facilitated	  their	  subsequent	  recognition.”	  Handwriting	  uses	  different	  motor	  memory	  to	  create	  the	  characters	  while	  typing	  relies	  on	  the	  knowledge	  of	  the	  keyboard.	  	  Since	  the	  act	  of	  forming	  letters	  by	  hand,	  with	  a	  pen	  translates	  to	  the	  way	  the	  image	  appears	  on	  paper	  the	  connection	  between	  that	  motor	  skill	  is	  more	  salient	  than	  reaching	  the	  finger	  to	  a	  specific	  location	  on	  the	  keyboard.	  	  	  The	  comparison	  in	  the	  literature	  between	  handwriting	  and	  typing	  highlights	  the	  benefits	  of	  handwriting,	  but	  there	  is	  still	  question	  as	  to	  why	  these	  two	  physical	  activities	  produce	  different	  motor	  memories	  and	  thus	  allow	  for	  different	  ability	  to	  recall	  information.	  	  Klein,	  Piacente-­‐Cimini,	  and	  Williams	  (2007)	  found	  that	  motor	  memory	  from	  writing	  outperformed	  our	  ability	  to	  recall	  spoken	  words.	  	  Analysis	  of	  the	  process	  of	  working	  memory	  would	  indicate	  that	  spoken	  words	  should	  be	  just	  as	  easily	  recalled	  as	  written	  words	  since	  the	  process	  of	  encoding	  the	  information	  relies	  on	  two	  distinct	  neural	  pathways,	  the	  visuospatial	  sketchpad	  for	  the	  written	  text,	  and	  the	  phonological	  loop	  for	  the	  spoken	  text.	  	  	   Each	  of	  the	  studies	  presented	  thus	  far,	  has	  demonstrated	  that	  handwriting	  is	  the	  superior	  way	  to	  encode	  information	  for	  ease	  of	  access	  and	  subsequent	  retrieval.	  	  The	  motor	  memories	  associated	  with	  the	  process	  of	  handwriting	  become	  so	  familiar	  to	  the	  experienced	  writer	  that	  they	  facilitate	  other	  memories	  related	  to	  the	  text.	  	  While	  these	  studies	  suggest	  that	  handwriting	  might	  be	  the	  preferred	  method	  for	  recalling	  information,	  most	  of	  these	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studies	  have	  focused	  on	  recalling	  specific	  strings	  of	  numbers	  or	  visual	  information	  about	  newly	  learned	  symbols.	  	  Hardly	  any	  have	  looked	  at	  the	  ability	  to	  recall	  real	  world	  information	  in	  this	  way.	  	  The	  scope	  of	  the	  studies	  evaluated	  thus	  far	  rely	  often	  on	  strings	  of	  numbers	  or	  lists	  of	  words,	  not	  often	  on	  a	  hybrid	  combination	  of	  the	  two	  forms	  of	  information	  that	  are	  paired	  in	  a	  meaningful	  way	  as	  in	  a	  medical	  chart.	  	  In	  the	  present	  study,	  evaluation	  of	  information	  presented	  on	  a	  medical	  chart	  will	  indicate	  if	  there	  are	  any	  unique	  effects	  of	  recall	  between	  different	  types	  of	  information,	  narrative	  and	  numeric	  and	  if	  the	  relationship	  between	  that	  information	  spurs	  more	  thorough	  completion	  of	  the	  memory	  task.	  	  	  	   While	  the	  studies	  described	  thus	  far	  have	  all	  advocated	  for	  the	  use	  of	  paper	  as	  the	  primary	  technology	  to	  record	  information	  to	  be	  recalled,	  research	  does	  exist	  that	  supports	  the	  efficacy	  of	  alternative	  technologies.	  	  Schoen	  (2009)	  found	  that	  note	  taking	  on	  personal	  laptop	  computers	  was	  the	  most	  successful	  for	  the	  purpose	  of	  note	  taking	  and	  recall	  when	  compared	  to	  paper.	  	  That	  research	  focused	  on	  the	  performance	  difference	  between	  handwriting	  and	  typing	  notes	  on	  academic	  information	  presented	  in	  a	  textbook	  or	  lecture	  format.	  	  Schoen	  found	  that	  typing	  information,	  especially	  in	  the	  lecture	  setting,	  was	  the	  best	  mode	  of	  information	  storage	  for	  subsequent	  recall,	  an	  average	  of	  M	  =	  12.12	  items	  were	  recalled	  from	  typed	  notes	  while	  M	  =	  9.76	  were	  recalled	  for	  handwritten	  notes	  (p<0.001).	  	  In	  fact,	  typing	  for	  each	  condition	  of	  information	  presentation	  produced	  higher	  retention	  rates	  (M	  =	  11.84)	  than	  paper	  (M=10.51,	  p=	  0.004).	  	  Possible	  explanations	  include	  the	  speed	  and	  accuracy	  of	  typing	  compared	  to	  handwriting,	  which	  allows	  for	  individuals	  to	  capture	  more	  information	  in	  a	  learning	  context	  and	  improve	  the	  performance	  scores	  during	  recall.	  	  This	  work,	  as	  it	  contradicts	  with	  previous	  support	  of	  paper	  as	  the	  most	  effective	  medium	  for	  note	  taking,	  specifically	  highlights	  the	  importance	  of	  further	  research	  in	  the	  field	  to	  determine	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which	  technology	  is	  most	  suitable	  for	  real	  world	  settings,	  where	  rich	  information	  is	  being	  learned	  and	  transferred.	  	  	  	  
1.3	  Memory	  &	  Environment	  Environmental	  factors	  have	  been	  shown	  to	  influence	  working	  memory.	  	  A	  location	  updating	  effect,	  where	  there	  is	  a	  decline	  in	  memory	  after	  a	  change	  in	  location	  after	  passing	  through	  a	  doorway,	  has	  been	  demonstrated	  by	  (Radvansky,	  Krawietz,	  &	  Tamplin,	  2011).	  	  Encoding	  specificity	  phenomenon	  posits	  that	  information	  learned	  in	  one	  environment	  is	  better	  retrieved	  when	  retrieval	  occurs	  in	  the	  same	  context.	  	  This	  phenomenon	  occurs	  because	  fewer	  retrieval	  cues	  are	  available	  in	  the	  new	  environment.	  	  Additionally	  the	  effort	  required	  to	  understand	  the	  new	  environment	  that	  has	  been	  entered	  can	  push	  information	  from	  the	  working	  memory	  store	  (Radvansky,	  et	  al.,	  2011).	  	  Encoding	  specificity	  can	  also	  refer	  to	  the	  relationship	  between	  how	  information	  was	  encoded	  and	  subsequently	  recalled.	  	  Research	  suggests	  that	  similarity	  between	  methods	  used	  in	  encoding	  and	  retrieval	  allow	  for	  the	  highest	  performance	  ratings	  (Naka	  &	  Naoi,	  1995).	  	  	  Radvansky	  et	  al.	  (2011)	  conducted	  a	  series	  of	  experiments	  in	  real	  physical	  space	  and	  virtual	  space	  to	  evaluate	  environmental	  impacts	  on	  memory.	  	  The	  first	  experiment	  required	  participants	  to	  move	  through	  a	  virtual	  environment	  picking	  up	  and	  placing	  a	  series	  of	  objects	  through	  using	  the	  arrow	  keys	  and	  mouse	  attached	  to	  the	  computer	  set	  up.	  	  Users	  would	  travel	  the	  same	  distance	  regardless	  of	  being	  in	  one	  large	  room	  or	  spanning	  2	  rooms	  after	  passing	  through	  a	  doorway.	  	  Mid	  walk	  they	  were	  prompted	  on	  identifying	  the	  object	  they	  were	  carrying	  or	  the	  one	  they	  had	  just	  set	  down,	  while	  carrying	  the	  objects	  they	  became	  invisible	  to	  the	  participant	  in	  order	  to	  test	  their	  memory	  with	  the	  prompts.	  	  Error	  rate	  data	  suggests	  that	  significantly	  more	  information	  was	  forgotten	  after	  a	  shift	  to	  a	  new	  location,	  .19,	  for	  positively	  identifying	  the	  item	  compared	  to	  .12	  with	  no	  shift,	  and	  .22	  for	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correctly	  rejecting	  the	  prompt	  compared	  to	  .07	  with	  no	  shift	  (p<.001).	  	  Their	  second	  experiment	  sought	  to	  identify	  location	  updating	  effects	  in	  a	  real	  environment,	  opposed	  to	  the	  virtual	  environment	  used	  in	  the	  first	  experiment.	  	  The	  error	  rates	  for	  positively	  recalling	  which	  object	  was	  in	  the	  box	  being	  moved	  were	  .28	  for	  a	  shift	  in	  location,	  and	  .23	  for	  no	  shift	  (p=.02),	  for	  correctly	  rejecting	  the	  prompt	  the	  rates	  were	  .21	  for	  a	  shift,	  and	  .18	  for	  no	  shift	  (p=.06).	  	  Their	  third	  experiment	  evaluated	  the	  theory	  of	  encoding	  specificity.	  	  In	  this	  experiment	  participants	  experienced	  shifting	  to	  one	  new	  room	  (shift),	  through	  one	  room	  to	  a	  second	  new	  room	  (double	  shift),	  walking	  in	  the	  original	  room	  (no	  shift),	  and	  returning	  to	  the	  original	  room	  after	  entering	  a	  new	  room	  (return).	  	  Performance	  scores	  indicate	  that	  memory	  was	  operating	  best	  in	  the	  no	  shift	  condition,	  positive	  error	  rate	  .11,	  negative,	  .07,	  as	  compared	  to	  the	  shift,	  .14,	  .12,	  the	  return	  .16,	  .14,	  and	  the	  double	  shift,	  .20,	  .17.	  	  The	  most	  important	  finding	  from	  this	  study	  demonstrates	  that	  memory	  performance	  is	  not	  improved	  upon	  returning	  to	  the	  location	  of	  encoding,	  suggesting	  that	  once	  a	  participant	  walks	  through	  any	  number	  of	  doorways	  regardless	  of	  the	  end	  point	  the	  information	  that	  was	  held	  within	  the	  working	  memory	  had	  already	  been	  displaced.	  	  	  This	  issue	  becomes	  particularly	  relevant	  due	  to	  the	  fact	  that	  there	  is	  no	  regulation	  on	  hospital	  staff	  and	  medical	  professionals	  to	  complete	  their	  medical	  charting	  note	  taking	  processes	  that	  rely	  on	  memory	  of	  patient	  interactions	  in	  any	  particular	  room.	  	  From	  this	  study	  it	  would	  be	  assumed	  that	  the	  best	  place	  to	  complete	  the	  full	  medical	  chart	  would	  be	  at	  the	  patient’s	  bedside	  or	  site	  where	  the	  information	  was	  encoded	  rather	  than	  leaving	  that	  room	  to	  return	  to	  a	  desk	  or	  office	  and	  complete	  the	  chart	  more	  thoroughly.	  	  	  	   Anderson	  et	  al.	  (2009)	  showed	  the	  relationship	  between	  clinician	  role,	  clinical	  tasks	  and	  the	  technology	  of	  choice	  among	  27	  nurses	  and	  8	  doctors	  in	  a	  teaching	  hospital	  in	  Sydney	  Australia.	  	  The	  location	  of	  the	  charting	  activity	  was	  noted	  as	  a	  factor	  contributing	  to	  the	  selection	  of	  preferred	  technology.	  	  The	  technologies	  evaluated	  in	  this	  study	  included	  a	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mobile	  computer	  on	  wheels	  (COW),	  a	  stationary	  PC,	  a	  tablet	  PC,	  and	  an	  ergonomic	  COW.	  	  82.3%	  of	  the	  tasks	  were	  completed	  using	  COW,	  followed	  by	  stationary	  PC’s	  then	  tablet	  PC’s	  and	  lastly	  the	  ergonomic	  COW.	  	  “Most	  clinical	  tasks	  (49.1%)	  were	  completed	  in	  a	  patient’s	  room,	  followed	  by	  the	  corridor	  (35.2%),	  the	  doctors’	  office	  (8.1%),	  a	  patient’s	  bedside	  (4.3%),	  the	  central	  workstation	  (3.0%),	  and	  the	  medication	  room	  (0.2%)”.	  	  Nurses	  completed	  56.7%	  (doctors	  completed	  29.1%)	  of	  their	  charting	  activities	  in	  the	  patients’	  rooms	  and	  35.8%	  (doctors	  57.3%)	  in	  the	  hallways.	  	  Only	  3%	  of	  charting	  activities	  took	  place	  directly	  at	  the	  patient’s	  bedside.	  	  Paper	  was	  being	  used	  as	  a	  work	  around	  to	  the	  electronic	  systems	  of	  medical	  charting.	  	  The	  primary	  observed	  usage	  included	  transcribing	  medication	  notes	  at	  a	  COW	  workstation,	  before	  heading	  to	  the	  medication	  room	  to	  prepare	  the	  medication	  where	  stationary	  computers	  were	  provided.	  	  This	  study	  highlights	  the	  necessity	  of	  mobile	  devices	  for	  input	  of	  medical	  information,	  however	  it	  demonstrates	  areas	  where	  the	  design	  of	  each	  interface	  can	  severely	  limit	  the	  ability	  to	  chart	  effectively	  if	  not	  properly	  adjusted	  for	  activity	  type,	  or	  user	  preferences.	  	  Many	  of	  the	  reported	  issues	  with	  the	  mobile	  systems	  included	  the	  formatting	  of	  the	  information	  that	  was	  necessary	  to	  complete	  clinical	  tasks,	  along	  with	  the	  difficulty	  in	  carrying	  a	  tablet	  through	  the	  hospital	  opposed	  to	  pushing	  a	  cart	  that	  has	  a	  computer	  workstation	  mounted	  on	  it.	  	  Implications	  for	  future	  design	  rely	  heavily	  on	  the	  preference	  of	  the	  medical	  staff,	  and	  training	  programs	  developed	  to	  assist	  in	  the	  transition	  to	  an	  electronic	  system.	  	  	  	   Radvansky	  et	  al.	  (2011)	  uncovered	  the	  effects	  of	  passing	  through	  doorways,	  and	  the	  negative	  impact	  that	  action	  had	  on	  human	  working	  memory	  both	  in	  physical	  space	  and	  virtual	  space.	  	  With	  that	  knowledge	  it	  is	  clear	  from	  Anderson’s	  (2009)	  study	  of	  where	  physicians	  are	  electing	  to	  complete	  their	  charting	  activities	  that	  a	  study	  is	  necessary	  to	  evaluate	  the	  relationship	  of	  environmental	  influences	  of	  passing	  through	  doorways	  while	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holding	  more	  detailed	  specific	  medical	  information	  than	  the	  standard	  memory	  testing	  information	  that	  was	  used	  by	  Radvansky	  et	  al.	  (2011).	  	  	  
	  
1.4	  Medical	  Settings	  	  	  It	  is	  important	  to	  understand	  how	  technology	  and	  the	  environment	  may	  influence	  human	  memory	  and	  performance	  in	  contexts,	  such	  as	  hospitals,	  where	  memory	  is	  heavily	  relied	  on.	  	  Studying	  medical	  charting	  provides	  a	  system	  in	  which	  memory	  is	  required	  for	  accurate	  performance.	  	  	  Memory	  is	  a	  crucial	  system	  to	  evaluate	  in	  workplace	  settings	  where	  information	  is	  classified	  as	  highly	  important.	  	  Hospitals	  are	  one	  example	  among	  many,	  where	  memory	  is	  relied	  on	  heavily	  as	  medical	  professionals	  are	  interacting	  with	  patients	  and	  forming	  diagnostic	  decisions	  and	  plans	  for	  developing	  medical	  care.	  	  	  In	  hospitals,	  medical	  professionals	  rely	  on	  charting	  systems	  to	  take	  notes	  on	  patient	  characteristics	  and	  symptoms	  (Freudenheim,	  2012).	  	  These	  charts	  are	  often	  shared	  between	  many	  members	  of	  the	  medical	  team	  and	  must	  be	  accessible	  to	  all	  involved	  in	  forming	  the	  plan	  for	  care	  (Feufel,	  Robinson,	  &	  Shalin,	  2011).	  	  “The	  relationship	  between	  better	  medical	  charting	  and	  better	  medical	  care	  could	  lead	  to	  new	  ways	  to	  monitor	  and	  improve	  the	  quality	  of	  medical	  care.	  	  The	  more	  complete	  the	  charting	  is,	  the	  better	  the	  care	  provided”	  (Dunlay	  et	  al.,	  2008).	  Over	  the	  past	  10	  years	  hospitals	  have	  been	  slowly	  transitioning	  the	  technology	  used	  to	  record	  information	  on	  medical	  charts	  (Freudenheim,	  2004).	  	  They	  have	  gone	  from	  the	  traditional	  paper	  based	  system	  to	  an	  electronic	  system	  relying	  at	  first	  on	  laptops	  and	  now	  more	  pervasively	  on	  tablets	  (Hafner,	  2012).	  	  Research	  on	  this	  transition	  highlights	  some	  observed	  performance	  impacts,	  discusses	  financial	  implications	  for	  medical	  professionals,	  and	  changes	  to	  the	  way	  medical	  professionals	  are	  recording	  and	  accessing	  information	  (Hatton,	  Schmidt,	  &	  Jelen,	  2012;	  Hillestad	  et	  al.	  2005).	  	  	  No	  study	  has	  yet	  uncovered	  the	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effects	  of	  the	  technological	  systems	  on	  humans’	  ability	  to	  recall	  information.	  	  This	  oversight	  if	  not	  addressed	  could	  lead	  to	  a	  variety	  of	  issues	  in	  the	  medical	  system	  where	  the	  medical	  professionals	  are	  no	  longer	  making	  the	  most	  attentive	  decisions.	  	  The	  United	  States	  government	  has	  a	  budget	  of	  up	  to	  $20	  billion	  to	  incentivize	  the	  adoption	  of	  electronic	  medical	  record	  systems	  in	  hospitals	  across	  the	  nation	  by	  the	  end	  of	  2014	  (Hatton,	  Schmidt,	  &	  Jelen,	  2012;	  Hillestad	  et	  al.,	  2005).	  	  Additionally,	  research	  by	  Wang	  et	  al.	  (2003)	  has	  determined	  that	  updating	  to	  electronic	  medical	  records	  can	  lead	  to	  a	  positive	  ROI	  for	  hospitals	  across	  the	  nation,	  further	  incentivizing	  this	  transition.	  	  	  Ludwick	  and	  Doucette	  (2009)	  provide	  a	  clear	  definition	  for	  an	  electronic	  medical	  record	  that	  can	  be	  referred	  to	  for	  the	  purposes	  of	  this	  research.	  	  	  “An	  Electronic	  Medical	  Record	  (EMR)	  is	  a	  computerized	  health	  information	  system	  where	  providers	  record	  detailed	  encounter	  information	  such	  as	  patient	  demographics,	  encounter	  summaries,	  medical	  history,	  allergies,	  intolerances,	  and	  lab	  test	  histories.	  	  Some	  may	  support	  order	  entry,	  results	  management	  and	  decision	  support”	  (Ludwick	  &	  Doucette,	  2009).	  	  	  The	  complex	  nature	  of	  information	  that	  is	  stored	  within	  the	  EMR	  system	  requires	  focused	  attention	  of	  medical	  professionals	  to	  complete	  charts	  accurately	  and	  avoid	  error.	  	  	  	   There	  are	  many	  issues	  discussed	  by	  Steward	  (2005),	  regarding	  the	  transitions	  hospitals	  are	  undergoing	  with	  the	  adoption	  of	  new	  EMR	  technology.	  	  Hospital	  professionals	  are	  worried	  about	  the	  privacy	  of	  the	  patient	  files,	  the	  impact	  of	  their	  workflow	  in	  learning	  and	  adapting	  to	  a	  new	  system	  of	  information	  recording,	  how	  their	  relationships	  will	  change	  with	  patients,	  understanding	  an	  adapting	  to	  any	  changes	  in	  quality	  of	  care,	  efficiency	  and	  liability.	  	  As	  physicians	  transition	  to	  reliance	  on	  technology	  for	  their	  note	  taking	  many	  fear	  their	  confidence	  in	  overall	  diagnosis	  will	  be	  impacted	  (Steward,	  2005).	  	  Like	  the	  main	  goal	  in	  practicing	  medicine	  these	  records	  were	  supposed	  to	  do	  no	  harm	  and	  improve	  the	  quality	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of	  medical	  care.	  	  Benefits	  of	  using	  the	  systems	  include	  localized	  accessible	  patient	  information,	  efficiency	  of	  patient	  research,	  and	  a	  system	  of	  alerts	  put	  in	  place	  to	  aide	  in	  the	  decision	  making	  process	  for	  diagnosis	  (Feufel	  et	  al.,	  2011).	  As	  charting	  systems	  change	  extensive	  training	  is	  required	  for	  ease	  of	  transition.	  	  “The	  intensity	  of	  training,	  the	  timing	  of	  the	  training	  and	  the	  availability	  of	  training	  and	  support	  post-­‐implementation	  all	  affected	  user	  experience”.	  	  Training	  and	  follow	  up	  access	  to	  developers	  of	  the	  electronic	  medical	  record	  systems	  allows	  for	  the	  most	  positive	  transition	  (Ludwick	  &	  Doucette,	  2009).	  	  With	  out	  adequate	  support	  from	  the	  designers	  of	  the	  system	  medical	  professionals	  could	  be	  facing	  errors	  that	  can	  lead	  to	  life	  threatening	  situations.	  	  	  	  Proponents	  of	  health	  information	  systems	  suggest	  that	  adoption	  of	  EMR	  leads	  unconditionally	  to	  a	  reduction	  in	  adverse	  medical	  events.	  	  	  Research	  by	  Ludwick	  and	  Doucette	  (2009)	  showed	  that	  error	  sources	  resulted	  from	  training	  issues,	  implementation	  issues,	  and	  the	  length	  of	  time	  needed	  to	  become	  familiar	  with	  the	  nuanced	  system.	  	  	  Access	  to	  thorough	  training	  and	  continued	  support	  from	  IT	  can	  help	  mitigate	  some	  of	  the	  initial	  errors	  reported	  during	  early	  usage	  of	  EMR	  systems,	  however	  this	  support	  may	  not	  be	  enough	  if	  physician	  performance	  is	  declining.	  	  “Health	  information	  systems	  do	  not	  improve	  or	  erode	  efficiency,	  quality	  of	  care,	  or	  patient	  safety.	  	  The	  quality	  of	  the	  implementation	  process	  is	  as	  important	  as	  the	  quality	  of	  the	  system	  being	  implemented”	  (Ludwick	  &	  Doucette,	  2009).	  	  The	  main	  theme	  of	  challenges	  from	  the	  providers’	  perspective	  is	  loss	  of	  control,	  slowed	  workflow,	  pace	  of	  technology	  obsolescence	  and	  cognitive	  distractions	  from	  interacting	  with	  computer	  rather	  than	  with	  the	  patient.	  	  The	  loss	  of	  control	  can	  be	  detrimental	  to	  the	  practice	  of	  medicine	  however	  this	  phenomenon	  may	  only	  be	  experienced	  by	  practicing	  physicians	  who	  began	  using	  paper	  and	  made	  the	  transition	  to	  the	  EMR	  system	  (Hatton	  et	  al.,	  2012;	  Freudenheim,	  2004;	  Grossman	  &	  Cohen,	  2008).	  	  It	  is	  clear	  that	  the	  medical	  professionals	  and	  the	  United	  States	  government	  have	  opposing	  viewpoints	  when	  it	  
	  17	  
comes	  to	  best	  practices	  for	  adoption	  policies	  of	  the	  new	  electronic	  medical	  record	  system.	  	  Since	  experiments	  are	  often	  difficult	  to	  conduct	  in	  medical	  settings,	  most	  of	  the	  research	  to	  date	  has	  been	  about	  the	  debate	  between	  the	  support	  and	  reluctance	  to	  accept	  this	  nation	  wide	  systematic	  change	  to	  one	  of	  the	  fundamental	  processes	  of	  medical	  care.	  	  	  	   Human	  factors	  research	  is	  interested	  in	  understanding	  how	  an	  “EMR-­‐enabled	  work	  system	  alters	  cognitive	  performance	  for	  the	  better	  or	  worse.”	  	  Cognitive	  performance	  can	  be	  influenced	  by	  many	  factors	  including	  improving	  accessibility	  of	  the	  medical	  chart	  to	  include	  more	  individuals	  responsible	  for	  contributing	  to	  it,	  and	  improving	  the	  system	  of	  communication	  between	  them.	  	  Performance	  can	  decrease	  by	  changing	  the	  nature	  of	  the	  tasks	  involved	  in	  charting	  and	  making	  any	  component	  of	  the	  task	  more	  difficult.	  	  Holden	  (2011)	  found	  physicians	  reporting	  that	  EMR	  systems	  “disturbs	  communication	  and	  creates	  sterile	  narratives	  populated	  by	  checkbox	  responses.”	  	   Holden	  (2011)	  developed	  four	  main	  criteria	  on	  which	  to	  base	  the	  comparison	  between	  paper	  and	  electronic	  records.	  	  These	  are	  “omnipresence/access,	  manipulability/flexibility,	  integration	  rather	  than	  fragmentation,	  and	  awareness	  of	  the	  procedures	  that	  are	  linked	  to	  different	  systems.”	  Omnipresence	  refers	  to	  the	  availability	  of	  patient	  information	  and	  the	  localized	  nature	  of	  that	  information.	  	  In	  paper	  charts	  extraneous	  documents	  could	  be	  added	  into	  the	  chart	  and	  bits	  and	  pieces	  of	  the	  chart	  could	  be	  found	  through	  out	  the	  hospital,	  depending	  on	  who	  was	  working	  with	  the	  chart.	  	  Manipulability	  refers	  to	  how	  easy	  the	  input	  system	  is	  and	  how	  well	  information	  can	  be	  changed	  once	  in	  the	  chart,	  it	  specifically	  refers	  to	  how	  well	  the	  users	  can	  get	  information	  from	  their	  working	  memory	  store	  into	  the	  system	  before	  it	  is	  lost.	  	  Integration	  is	  similar	  to	  omnipresence	  in	  that	  it	  refers	  to	  compiling	  complete	  documents	  that	  are	  accessible	  to	  all.	  	  Finally,	  physician	  awareness	  is	  important	  in	  determining	  length	  of	  training	  necessary	  to	  implement	  new	  systems	  (Holden,	  2011).	  	  Depending	  on	  the	  skill	  level	  of	  the	  physicians	  at	  a	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hospital	  and	  their	  engagement	  with	  technology	  the	  transition	  could	  become	  a	  slow	  and	  cumbersome	  process.	  	  To	  date,	  there	  are	  no	  guidelines	  that	  can	  be	  applied	  to	  the	  adoption	  policies	  of	  new	  medical	  charting	  systems.	  	  	  	  	   Electronic	  medical	  records	  connect	  many	  collaborators	  included	  in	  diagnoses	  and	  increase	  their	  accountability	  since	  their	  actions	  become	  immediate	  and	  transparent	  (Brooks	  &	  Erikson,	  2012).	  	  Practicing	  physicians	  must	  be	  retrained	  of	  technical	  skills	  required	  to	  complete	  a	  chart	  as	  the	  medium	  changes	  since	  often	  they	  are	  not	  adequately	  trained	  in	  these	  methods	  through	  their	  formal	  education.	  	  Many	  schools	  of	  nursing	  do	  not	  have	  the	  technology	  to	  prepare	  students	  for	  use	  of	  electronic	  systems	  in	  future	  employment	  (Brooks	  &	  Erickson,	  2012).	  	  Electronic	  medical	  records	  can	  even	  undermine	  the	  physicians’	  ability	  to	  diagnose	  confidently	  with	  out	  relying	  on	  the	  database	  of	  previous	  cases	  since	  it	  eliminates	  the	  framework	  of	  a	  single	  person’s	  experience	  and	  allows	  multiple	  past	  cases	  to	  be	  called	  upon	  (Han	  &	  Lopp,	  2013;	  Reich,	  2012;	  Freudenheim,	  2012).	  	  Factors	  such	  as	  low	  physician	  acceptance	  of	  the	  EMR	  system,	  low	  availability	  of	  hardware	  as	  well	  as	  lack	  of	  specific	  software	  features	  can	  negatively	  affect	  transition	  from	  a	  paper-­‐based	  system	  to	  an	  electronic	  system	  (Pourasghar,	  Malekafzali,	  Koch,	  &	  Fors,	  2008).	  In	  hospitals	  in	  the	  past	  paper	  charts	  were	  deemed	  superior	  due	  to	  the	  known	  benefits	  of	  manual	  writing	  (Pourasghar	  et	  al.,	  2008).	  	  Now	  as	  hospitals	  are	  transitioning	  to	  electronic	  systems	  the	  healthcare	  providers	  are	  being	  forced	  to	  develop	  a	  new	  skill	  set.	  	  The	  transition	  from	  a	  paper	  based	  charting	  system	  to	  an	  electronic	  system	  requires	  all	  subscribers	  to	  develop	  a	  new	  level	  of	  skill,	  or	  an	  expertise	  in	  charting	  with	  their	  new	  technology.	  	  According	  to	  Ericsson	  and	  Towne	  (2010)	  the	  difference	  between	  experience	  and	  expertise	  can	  impact	  the	  ability	  to	  recall	  information	  with	  accuracy.	  	  	  “Behavior	  generation	  in	  initial	  stages	  of	  practice	  can	  be	  slow	  and	  associated	  with	  failures	  of	  memory	  retrieval	  and	  errors	  of	  execution.”	  	  Time	  since	  the	  skill	  is	  acquired	  has	  been	  correlated	  with	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poor	  performance	  since	  the	  skill	  can	  be	  lost.	  	  After	  about	  50	  hrs	  of	  training	  and	  practice	  skills	  become	  automated	  and	  individual	  control	  over	  performance	  can	  be	  lost.	  	  Frequent	  training	  intervals	  or	  workshops	  should	  be	  required	  so	  that	  staff	  using	  the	  technology	  continue	  to	  learn	  and	  keep	  the	  process	  far	  from	  automated	  as	  possible	  to	  encourage	  thought	  while	  the	  charting	  activities	  are	  being	  completed	  (Ericsson	  &	  Towne,	  2010).	  It	  is	  understood	  that	  the	  skill	  set	  necessary	  for	  completing	  electronic	  documentation	  differs	  from	  that	  of	  hand	  written	  notes,	  there	  have	  been	  little	  research	  to	  determine	  the	  competencies	  of	  writing	  and	  reading	  from	  the	  electronic	  platforms.	  	  Traditionally,	  medical	  students	  are	  taught	  to	  input	  medical	  information	  to	  a	  chart	  on	  paper	  placing	  an	  emphasis	  on	  accuracy,	  thoroughness,	  organization,	  sound	  interpretation,	  and	  logical	  coherence.	  	  	  Writing	  concise,	  high	  quality	  chart	  notes	  has	  been	  a	  core	  skill	  in	  medical	  education.	  	  	  Physician	  preference	  and	  formatting	  complexities	  can	  all	  impact	  the	  successful	  implementation	  of	  future	  EMR	  systems	  (Han	  &	  Lopp,	  2013).	  	  	  While	  most	  research	  has	  focused	  on	  the	  perceptions	  of	  the	  individuals	  involved	  in	  the	  transition	  of	  the	  medical	  charting	  system,	  Shabbir,	  Ahmed,	  Sudhir,	  Scholl,	  Li,	  and	  Liou	  (2010)	  evaluated	  tangible	  performance	  effects	  in	  time	  spent	  during	  medical	  charting.	  	  They	  evaluated	  a	  hospital	  that	  had	  recently	  undergone	  the	  transition	  to	  the	  EMR	  system.	  	  After	  analyzing	  staff	  with	  no	  computing	  experience,	  there	  was	  no	  statistically	  significant	  difference	  in	  the	  time	  spent	  for	  documentation	  between	  electronic	  and	  paper	  records.	  	  The	  mean	  time	  spent	  in	  documenting	  electronic	  records	  was	  0.92	  min	  (p<.05)	  longer	  than	  in	  paper	  records	  (Shabbir	  et	  al.,	  2010).	  	  This	  finding	  was	  particularly	  interesting	  as	  it	  contradicted	  with	  many	  of	  the	  concerns	  expressed	  by	  medical	  professionals	  on	  how	  the	  electronic	  system	  would	  slow	  down	  their	  work	  flow	  and	  become	  detrimental	  to	  their	  overall	  practice	  of	  medicine.	  	  The	  fact	  that	  the	  electronic	  system	  neither	  speeds	  nor	  slows	  the	  process	  of	  medical	  charting	  is	  worth	  evaluating	  in	  future	  research.	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Previous	  research	  by	  Pollard	  et	  al.	  (2013)	  highlighted	  the	  importance	  of	  consulting	  the	  physicians	  before	  developing	  a	  system	  physicians	  are	  required	  to	  use	  on	  a	  daily	  basis.	  	  Pollard	  et	  al.	  (2013)	  found	  paper	  charts	  were	  often	  conducive	  to	  free	  form	  notes	  while	  electronic	  charts	  became	  more	  template	  based	  and	  imposed	  a	  new	  structure	  of	  organization	  onto	  the	  professionals	  using	  them.	  	  Since	  charting	  activities	  can	  take	  up	  to	  33%	  of	  a	  physician’s	  day	  it	  is	  important	  that	  the	  interface	  be	  well	  designed	  to	  avoid	  challenges	  to	  the	  users.	  	  The	  debate	  between	  structured	  and	  free	  form	  notes	  relies	  on	  the	  preferences	  of	  the	  team	  who	  will	  be	  using	  the	  system.	  	  “Narratives	  are	  important	  part	  of	  the	  paper	  based	  systems:	  These	  narratives	  include	  the	  core	  sections	  of	  the	  medical	  record,	  such	  as	  patient	  history,	  physical	  examination,	  progress	  notes,	  procedure	  reports,	  and	  discharge	  summaries”	  (Sharda,	  Das,	  Cohen,	  &	  Patel,	  2006).	  	  In	  some	  contexts	  when	  there	  aren’t	  regulations	  on	  the	  type	  of	  information	  that	  is	  required	  to	  be	  recorded	  electronic	  charts	  can	  encourage	  professionals	  to	  complete	  them	  more	  thoroughly	  since	  their	  design	  is	  often	  more	  reliant	  on	  check	  boxes	  than	  free	  response	  (McAndrew,	  Ban,	  &	  Playle,	  2012).	  Sharda	  et	  al.	  (2006)	  studied	  the	  effects	  of	  narrative	  based	  text	  entry	  on	  recall	  between	  new	  and	  experienced	  physicians.	  	  They	  found	  that	  recall	  and	  experience	  level	  had	  a	  distinct	  relationship	  that	  predicted	  the	  more	  experienced	  the	  physician	  the	  better	  able	  they	  were	  to	  assess	  information	  from	  the	  narrative	  rather	  than	  the	  structured	  chart,	  suggesting	  that	  structured	  chart	  is	  best	  for	  novice	  and	  mid	  level	  physicians.	  	  This	  study	  helped	  to	  identify	  clinically	  relevant	  information	  that	  can	  be	  used	  to	  structure	  medical	  text	  for	  the	  EMR	  and	  potentially	  improve	  recall	  and	  reduce	  errors.	  	  The	  design	  of	  the	  EMR	  interface	  becomes	  crucial	  to	  evaluate	  for	  its	  impacts	  on	  performance	  and	  where	  the	  tradeoffs	  lie	  between	  paper	  and	  electronic	  methods	  (Sharda	  et	  al.,	  2006).	  	  This	  study	  built	  off	  the	  notion	  that	  narrative	  information	  was	  easier	  to	  recall	  and	  became	  an	  important	  factor	  contributing	  to	  the	  final	  diagnostic	  decisions	  made	  by	  the	  medical	  professionals.	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Some	  hospitals	  like	  the	  one	  Siika	  et	  al.	  (2005)	  described	  in	  Kenya,	  have	  been	  using	  the	  paper	  and	  the	  electronic	  system	  of	  record	  keeping	  in	  conjunction.	  	  Paper	  allows	  the	  professionals	  to	  take	  quick	  detailed	  notes	  to	  aide	  in	  collaboration,	  and	  entering	  them	  into	  electronic	  systems	  at	  the	  end	  of	  the	  day	  allows	  all	  of	  the	  information	  to	  be	  accessed	  and	  shared	  by	  multiple	  users,	  where	  the	  traditional	  paper	  chart	  was	  less	  accessible	  (Siika	  et	  al.,	  2005).	  	  These	  hospitals	  have	  achieved	  the	  best	  of	  both	  worlds	  by	  utilizing	  paper	  as	  a	  memory	  aid	  during	  the	  transition	  to	  electronic	  documentation.	  	  Paper	  and	  electronic	  charts	  can	  compliment	  each	  other.	  	  “Medical	  professionals	  should	  be	  cognizant	  of	  the	  possible	  discrepancies	  between	  paper	  and	  electronic	  information	  and	  look	  toward	  combining	  information	  from	  both	  records	  whenever	  appropriate”	  (Stausberg,	  Koch,	  Ingenerf,	  &	  Betzler,	  2003).	  	  It	  ultimately	  depends	  on	  the	  goals	  of	  the	  implementers	  whether	  unified	  access	  is	  most	  important	  and	  a	  new	  platform	  of	  communication,	  because	  there	  are	  often	  reports	  of	  paper	  being	  used	  more	  frequently	  in	  hospitals	  where	  they	  are	  now	  asked	  to	  use	  electronic	  charting	  systems.	  	  Regardless	  of	  the	  design	  of	  the	  EMR	  technology,	  paper	  is	  still	  pervasive	  in	  many	  instances	  because	  it	  is	  the	  system	  most	  people	  are	  comfortable	  with.	  	  	  
	   It	  is	  important	  to	  understand	  the	  reasons	  for	  the	  prevalence	  of	  paper	  in	  the	  transitioning	  electronic	  systems.	  	  There	  are	  many	  opinions	  related	  to	  the	  change	  and	  multiple	  researchers	  have	  addressed	  the	  sentiment	  of	  the	  medical	  staff	  regarding	  the	  change,	  Saleem	  et	  al.	  (2009)	  went	  further	  in	  uncovering	  the	  reasons	  medical	  professionals	  were	  still	  using	  paper.	  	  They	  found	  that	  paper	  use	  was	  related	  to	  the	  following	  categories:	  efficiency,	  knowledge/skill/ease	  of	  use,	  memory,	  sensorimotor	  preference,	  awareness,	  task	  specificity,	  task	  complexity,	  data	  organization,	  longitudinal	  data	  processes,	  trust	  &	  security.	  	  	  Their	  paper	  highlights	  at	  least	  17	  examples	  of	  paper	  being	  used	  as	  a	  reminder	  where	  an	  electronic	  system	  would	  be	  considered	  cumbersome.	  	  “In	  the	  transition	  from	  paper	  to	  electronic	  medical	  records,	  the	  role	  of	  paper	  has	  changed	  from	  a	  long-­‐	  term	  storage	  medium	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to	  an	  important,	  temporary	  memory	  aid	  and	  disposable	  display	  device”.	  	  Essentially	  physicians	  were	  using	  paper	  in	  lieu	  of	  reliance	  on	  their	  own	  working	  memory	  store	  due	  to	  the	  nature	  of	  the	  medical	  information	  to	  be	  remembered.	  	  Some	  physicians	  that	  were	  interviewed	  expressed	  that	  paper	  was	  a	  crucial	  element	  to	  their	  success	  related	  to	  charting.	  	  Previously	  it	  was	  thought	  that	  using	  paper	  concurrently	  with	  an	  EMR	  system	  was	  a	  result	  of	  poorly	  designed	  EMR	  interface,	  poor	  integration	  into	  the	  clinicians’	  workflow	  and	  an	  inconsistency	  with	  the	  design	  and	  the	  understanding	  of	  the	  users	  (Saleem	  et	  al.,	  2009).	  	  As	  time	  passes,	  many	  professionals	  realize	  that	  the	  reliance	  on	  paper	  comes	  from	  a	  deep	  user	  preference	  and	  the	  desire	  to	  keep	  all	  records	  accurate	  as	  possible	  with	  out	  relying	  on	  a	  potentially	  faulty	  human	  memory	  system	  or	  trusting	  an	  unfamiliar	  electronic	  system.	  	  Further,	  the	  use	  of	  EMR	  systems	  has	  increased	  prevalence	  of	  copy	  and	  paste	  exams	  and	  demonstrated	  a	  noticeable	  decrement	  in	  the	  collaboration	  between	  physicians	  and	  their	  interactions	  with	  patients	  (Thielke,	  Hammond,	  &	  Helbig,	  2007).	  	  Theilke	  et	  al.	  (2007)	  found	  that	  13%	  of	  those	  surveyed	  had	  copied	  and	  pasted	  information	  they	  had	  previously	  recorded	  about	  medical	  exams	  and	  3%	  had	  copied	  and	  pasted	  from	  another	  source	  entirely.	  	  One	  in	  Four	  exams	  had	  been	  copied	  and	  one	  in	  seven	  was	  copied	  from	  a	  test	  6	  months	  earlier.	  	  Copying	  and	  pasting	  of	  information	  becomes	  a	  huge	  security	  concern	  and	  also	  can	  become	  the	  basis	  for	  medical	  fraud	  (Simborg,	  2008).	  	  	  	   The	  nature	  of	  the	  paper	  chart	  and	  the	  physical	  ‘hand	  off’	  creates	  meaningful	  points	  of	  interaction	  and	  collaboration	  between	  doctors	  and	  nurses	  that	  are	  not	  present	  with	  the	  use	  of	  EMR.	  	  Further,	  the	  social	  implications	  of	  introducing	  technology	  into	  the	  bedside	  care	  of	  a	  patient,	  creates	  another	  barrier	  to	  communication	  between	  physicians	  and	  patients.	  	  Consider	  the	  social	  ergonomics	  of	  the	  device	  and	  what	  message	  are	  being	  transmitted	  when	  conversing	  with	  patients	  while	  on	  computers	  or	  tablets	  compared	  to	  those	  physicians	  who	  have	  a	  piece	  of	  paper	  in	  their	  hands	  (O’Malley,	  Grossman,	  Cohen,	  Kemper,	  &	  Pham,	  2009).	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In	  all	  settings,	  not	  only	  hospitals	  an	  individual	  who	  is	  interacting	  with	  technology	  projects	  a	  different	  image	  of	  one	  who	  is	  holding	  or	  interacting	  with	  a	  piece	  of	  paper	  and	  may	  appear	  less	  approachable	  thus	  impacting	  the	  quality	  of	  the	  communication.	  	  	  	   The	  lack	  of	  standardization	  for	  how	  physicians	  are	  expected	  to	  communicate	  using	  EMR	  as	  a	  platform	  leads	  to	  additional	  issues	  in	  collaboration	  and	  lost	  opportunities	  for	  interaction.	  	  Often	  doctors	  are	  now	  faced	  in	  situations	  where	  they	  experience	  cognitive	  overload	  while	  trying	  to	  navigate	  the	  complexities	  present	  in	  the	  EMR	  system,	  this	  is	  taking	  a	  negative	  toll	  on	  their	  interactions	  with	  their	  patients	  (O'Malley,	  Cohen,	  &	  Grossman,	  2010;	  Ofri,	  2011;	  Hafner,	  2012;	  Horowitzm,	  2012).	  	  Doctors	  who	  are	  new	  to	  using	  the	  electronic	  medical	  record	  system	  have	  not	  developed	  the	  level	  of	  skill	  to	  maintain	  a	  natural	  flow	  of	  communication	  with	  the	  patient	  while	  completing	  their	  charts,	  they	  often	  spend	  time	  searching	  through	  menus	  and	  lists	  to	  input	  data	  rather	  than	  discussing	  health	  concerns	  with	  their	  patients	  (Cassil,	  2010;	  Chen,	  2010).	  	  	  	   The	  electronic	  medical	  records	  require	  a	  certain	  level	  of	  skill	  for	  interaction.	  	  “Paper	  records	  offer	  the	  further	  advantage	  that	  they	  can	  be	  easily	  developed.	  	  If	  they	  do	  not	  suit	  an	  interaction,	  any	  paper	  form	  can	  be	  customized	  by	  a	  healthcare	  professional,	  even	  if	  this	  involves	  no	  more	  than	  making	  handwritten	  annotations.”	  There	  is	  a	  noticeable	  drawback	  to	  using	  electronic	  systems	  when	  there	  is	  a	  divide	  between	  the	  creator	  and	  user.	  	  Since	  the	  doctors	  don’t	  know	  how	  to	  reprogram	  or	  format	  the	  chart	  they	  experience	  a	  loss	  of	  control	  they	  once	  had	  when	  using	  paper,	  which	  becomes	  frustrating	  and	  at	  times	  debilitating	  (Morrison,	  Fitzpatrick,	  &	  Blackwell,	  2011).	  	  	  	   There	  have	  been	  no	  studies	  published	  yet,	  that	  scientifically	  measure	  the	  quality	  of	  documentation	  of	  electronic	  records.	  	  Doctors	  who	  are	  implementing	  EMR	  systems	  with	  out	  adequate	  training	  or	  continued	  support	  are	  facing	  challenges	  practicing	  medicine	  to	  the	  best	  of	  their	  abilities.	  	  Their	  roles	  in	  hospitals	  shift	  and	  they	  become	  more	  consumed	  by	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paperwork	  and	  navigating	  the	  challenging	  interfaces	  rather	  than	  spending	  time	  one	  on	  one	  with	  patients	  and	  achieving	  appropriate	  diagnoses	  (Brown,	  2011).	  	  The	  electronic	  distractions	  and	  issues	  with	  relearning	  basic	  note	  taking	  are	  becoming	  more	  apparent	  as	  more	  hospitals	  are	  being	  evaluated	  (Richtel,	  2011).	  	  	  	  
1.5	  Purpose	  of	  Current	  Research	  	  	   The	  focus	  of	  the	  current	  research	  had	  multiple	  aims.	  	  After	  assessing	  the	  basic	  human	  factors	  performance	  gap	  in	  medical	  charting	  research	  the	  main	  interest	  became	  understanding	  the	  relationship	  between	  the	  input	  technology	  and	  the	  changing	  environmental	  effects	  on	  the	  natural	  human	  processes	  of	  working	  memory	  that	  is	  used	  during	  the	  completion	  of	  medical	  charting	  activities.	  	  Through	  a	  series	  of	  two	  experiments	  I	  was	  able	  to	  determine	  the	  effects	  of	  input	  technology	  on	  the	  storage	  and	  retrieval	  of	  novel	  simulated	  real	  world	  information	  in	  the	  field	  of	  medicine,	  I	  was	  able	  to	  understand	  the	  effect	  of	  the	  environment	  in	  the	  roll	  of	  completing	  medical	  notes,	  and	  determine	  any	  demographic	  effects	  that	  may	  impact	  memory	  performance	  such	  as	  gender.	  	  	  The	  present	  study	  sought	  to	  evaluate	  the	  technological	  devices	  used	  in	  memory	  formation,	  comparing	  paper,	  tablets	  and	  laptops,	  and	  look	  at	  an	  environmental	  effect	  when	  it	  comes	  to	  the	  encoding	  and	  retrieval	  locations	  of	  specific	  medical	  information,	  specifically	  the	  effects	  of	  passing	  through	  doorways.	  	  Demographic	  variables	  relating	  to	  participant	  age,	  gender,	  field	  of	  study,	  and	  standard	  processes	  relating	  to	  personal	  memory	  support	  were	  evaluated	  too.	  	  The	  stimuli	  used	  for	  this	  study	  were	  medical	  information	  presented	  in	  video	  form	  and	  assessed	  through	  performance	  in	  completion	  of	  medical	  charts	  that	  were	  identical	  across	  technological	  mediums,	  paper,	  tablet	  and	  laptop.	  	  Participants	  were	  allowed	  training	  time	  to	  become	  familiar	  with	  the	  technology	  and	  format	  of	  the	  medical	  chart	  before	  data	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collection	  began.	  	  Analysis	  of	  current	  work	  highlights	  paper	  as	  the	  superior	  system	  for	  note	  taking	  in	  hospital	  settings	  where	  memory	  is	  a	  crucial	  aspect	  of	  performance.	  	  	  
	  
1.6	  Hypotheses	  	  H1:	  Quality	  of	  note	  taking	  and	  memory	  formation	  is	  dependent	  on	  technology	  used.	  	  	  	  H1a:	  Familiarity	  with	  technology	  provided	  will	  produce	  higher	  performance	  for	  that	  technology	  compared	  to	  others.	  	  Based	  on	  the	  participants	  recruited,	  their	  age	  level	  and	  self	  reported	  technology	  of	  choice	  for	  memory	  purposes;	  the	  paper	  condition	  should	  outperform	  both	  the	  tablet	  and	  the	  laptop	  in	  quality	  of	  notes	  and	  amount	  of	  information	  recalled.	  	  	  H1b:	  The	  motor	  memory	  associated	  with	  handwriting	  will	  produce	  higher	  levels	  of	  recall	  for	  the	  paper	  condition	  compared	  to	  either	  of	  the	  electronic	  conditions,	  tablet	  or	  laptop.	  	  	  H2:	  Environmental	  factors	  exist	  in	  contributing	  to	  overall	  amount	  of	  information	  humans	  are	  able	  to	  recall.	  	  The	  difference	  between	  encoding	  and	  retrieval	  is	  important,	  significantly	  more	  information	  will	  be	  recalled	  when	  asked	  to	  recall	  the	  information	  in	  the	  same	  spot	  as	  encoding	  stage,	  less	  will	  be	  recalled	  when	  asked	  to	  enter	  a	  new	  room	  before	  recall	  due	  to	  the	  previously	  studied	  location	  updating	  effects.	  	  	  H3:	  Familiarity	  of	  information	  will	  aide	  in	  recall.	  	  The	  video	  clip	  that	  rates	  the	  highest	  on	  familiarity	  among	  participants	  should	  also	  be	  the	  video	  clip	  where	  the	  most	  information	  was	  recorded	  and	  recalled.	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Chapter	  Two	  
Methodology:	  Study	  One	  	   This	  study	  evaluated	  the	  technology	  and	  environmental	  factors	  influencing	  the	  ability	  to	  recall	  novel	  medical	  information	  onto	  a	  medical	  chart.	  	  One	  scenario	  presented	  a	  traditional	  paper	  based	  chart	  while	  the	  other	  two	  utilized	  the	  same	  chart	  on	  electronic	  platforms,	  a	  tablet	  or	  laptop	  computer.	  	  After	  the	  initial	  viewing	  of	  the	  medical	  video	  clip	  and	  completion	  of	  note	  taking	  participants	  experienced	  one	  of	  three	  environmental	  waiting	  conditions	  in	  randomized	  order,	  waiting	  while	  seated,	  walking	  in	  the	  experimental	  room,	  or	  walking	  to	  a	  new	  room.	  	  	  
	  
2.1	  Participants	  	  Forty-­‐eight	  students	  from	  Cornell	  University	  (24	  male,	  24	  female)	  were	  recruited	  through	  an	  electronic	  posting	  on	  a	  University	  recruiting	  site	  (SUSAN)	  to	  participate	  in	  this	  study.	  	  Participants	  received	  $10	  payment	  for	  their	  time	  after	  completing	  the	  30	  min	  study.	  	  	  Participants’	  ages	  spanned	  from	  18-­‐28	  years	  old	  with	  an	  average	  age	  of	  21	  years	  old.	  	  	  These	  participants	  were	  most	  familiar	  with	  using	  paper	  or	  laptops	  although	  6	  of	  them	  had	  used	  tablets	  on	  a	  regular	  basis,	  at	  least	  once	  a	  day.	  	  70.1%	  of	  them	  reported	  preference	  towards	  paper	  for	  tasks	  specific	  to	  recall	  while	  the	  remainder	  preferred	  laptop	  use,	  not	  one	  participant	  reported	  using	  tablets	  as	  a	  memory	  aide.	  	  	  
	  
2.2	  Research	  Design	  A	  repeated	  measures	  design	  was	  followed.	  	  Two	  independent	  variables	  were	  tested:	  the	  technology	  used	  (paper,	  tablet	  and	  laptop)	  and	  the	  environmental	  condition	  (seated	  wait,	  walk	  within	  the	  experimental	  room,	  and	  walk	  to	  a	  new	  room).	  	  Twenty-­‐four	  unique	  combinations	  of	  video	  clip,	  technology	  and	  environmental	  wait	  conditions	  were	  created	  and	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each	  combination	  was	  randomly	  assigned	  to	  one	  male	  and	  one	  female	  for	  this	  experiment.	  	  The	  conditions	  were	  completely	  counterbalanced	  so	  that	  each	  video	  was	  shown	  for	  each	  of	  the	  different	  technologies	  and	  environmental	  wait	  condition	  to	  avoid	  any	  effects	  of	  the	  quality	  of	  the	  video.	  	  	  The	  dependent	  variable	  was	  the	  number	  of	  items	  recalled	  to	  a	  blank	  chart,	  presented	  on	  paper,	  a	  tablet	  or	  laptop,	  after	  viewing	  the	  medical	  video	  clip,	  while	  taking	  notes	  on	  paper,	  tablet	  or	  the	  laptop,	  and	  experiencing	  the	  environmental	  waiting	  condition	  (walking	  in	  the	  same	  room,	  walking	  to	  a	  new	  room,	  or	  waiting	  while	  seated	  for	  the	  same	  duration).	  	  The	  blank	  charts	  provided	  after	  the	  environmental	  wait	  condition	  were	  always	  the	  same	  technology,	  paper,	  tablet,	  or	  laptop,	  as	  was	  used	  during	  the	  first	  stage	  of	  note	  taking.	  	  	  
	  
2.3	  Setting	  &	  Apparatus	  	  Data	  was	  collected	  in	  The	  Human	  Factors	  and	  Ergonomics	  Performance	  Laboratory	  in	  the	  Human	  Ecology	  Building	  on	  Cornell’s	  Ithaca	  Campus.	  	  Videos	  of	  medical	  charting	  scenarios	  were	  played	  using	  the	  most	  recent	  version	  of	  Windows	  Media	  Player	  on	  a	  Dell	  Desktop	  computer	  Optiplex	  GX620	  series	  with	  an	  Intel	  Pentium	  4HT	  processor.	  	  The	  computer	  ran	  Windows	  XP	  professional	  version	  DT7570.	  	  The	  Monitor	  for	  viewing	  the	  videos	  was	  19	  inches	  and	  the	  model	  was	  Dell	  1907	  FP.	  	  	  The	  speakers	  used	  were	  Dell	  AS501	  model.	  	  	  The	  lab	  is	  480	  square	  feet.	  	  A	  diagram	  representing	  the	  floor	  plan	  of	  the	  lab	  can	  be	  viewed	  in	  figure	  2.	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  Figure	  2.	  	  Representation	  of	  lab	  space.	  	  	  	   Participants	  entered	  the	  laboratory	  through	  the	  lobby	  space	  and	  were	  directed	  into	  room	  B	  to	  begin	  the	  experiment.	  	  This	  room	  has	  a	  single	  doorway	  and	  interior	  windows	  to	  room	  A,	  and	  a	  window	  to	  Room	  C.	  	  	  
	  




2.5	  Procedure	  	  Once	  the	  participants	  entered	  the	  laboratory	  they	  were	  directed	  back	  into	  room	  B	  where	  they	  sat	  at	  the	  computer	  and	  completed	  the	  consent	  form	  (Appendix	  D).	  	  The	  consent	  form	  was	  read	  aloud	  to	  them	  while	  they	  followed	  along,	  allowing	  for	  time	  to	  ask	  any	  questions	  before	  the	  experiment	  began.	  	  Upon	  obtaining	  consent	  each	  participant	  was	  presented	  with	  the	  standard	  chart	  format	  on	  the	  tablet.	  	  Participants	  were	  given	  as	  long	  as	  they	  needed	  to	  scroll	  through	  the	  chart	  and	  practice	  typing	  in	  order	  to	  become	  familiar	  with	  how	  to	  use	  the	  tablet.	  	  They	  typically	  took	  about	  1-­‐2	  minutes	  practicing	  typing	  and	  looking	  over	  the	  layout	  of	  the	  information	  on	  the	  chart.	  	  Participants	  then	  watched	  the	  same	  2	  min	  training	  clip	  and	  practiced	  medical	  charting	  on	  the	  tablet	  in	  order	  to	  experience	  watching	  a	  video	  and	  filling	  out	  a	  chart	  simultaneously	  prior	  to	  the	  actual	  data	  collection.	  	  Since	  familiarity	  was	  assumed	  with	  the	  laptop	  and	  paper	  conditions,	  no	  training	  prior	  to	  the	  data	  collection	  was	  required	  for	  these	  technologies.	  	  This	  assumption	  was	  validated	  through	  questionnaire	  data	  that	  supported	  the	  level	  of	  experience	  being	  greater	  for	  both	  the	  paper	  and	  laptop	  technologies	  compared	  to	  the	  tablet.	  	  	  	   Participants	  were	  informed	  that	  they	  would	  be	  recording	  notes	  while	  viewing	  the	  medical	  clips	  and	  practicing	  charting	  before	  they	  would	  have	  to	  break	  for	  a	  moment	  to	  complete	  an	  alternate	  activity,	  such	  as	  walking,	  sitting	  or	  entering	  a	  new	  room,	  and	  then	  fill	  out	  the	  chart	  a	  second	  time	  based	  on	  their	  ability	  to	  recall	  the	  information.	  	  Participants	  were	  not	  allowed	  to	  pause	  the	  video	  clip	  for	  any	  circumstances	  other	  than	  a	  technical	  malfunction	  with	  tablet	  resulting	  in	  a	  closed	  chart	  or	  them	  accidentally	  minimizing	  the	  document	  with	  out	  knowing	  how	  to	  open	  it	  again.	  	  In	  any	  instances	  where	  the	  clip	  had	  been	  paused	  due	  to	  a	  technical	  difficulty	  the	  problem	  was	  quickly	  fixed,	  since	  the	  experimenter	  was	  sitting	  in	  the	  room	  with	  them	  the	  entire	  time,	  and	  the	  video	  was	  resumed	  from	  the	  place	  where	  it	  had	  paused.	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  All	  participants	  used	  all	  three	  technologies,	  paper,	  tablet	  and	  laptop	  while	  charting.	  	  They	  each	  also	  experienced	  every	  environmental	  condition,	  waiting,	  walking	  within	  the	  room	  they	  viewed	  the	  video	  and	  walking	  to	  a	  new	  room.	  	  Every	  participant	  watched	  all	  three	  medical	  clips	  and	  was	  presented	  the	  information	  in	  combination	  with	  the	  technology	  and	  environmental	  factor	  in	  a	  balanced	  randomized	  order.	  	  Participants	  watched	  all	  3	  videos	  of	  the	  medical	  charting	  scenarios	  in	  Room	  B.	  	  For	  one	  of	  the	  conditions	  after	  viewing	  a	  video	  they	  walked	  to	  the	  Room	  A,	  which	  had	  a	  similar	  size	  and	  layout	  to	  Room	  B,	  to	  recall	  the	  information.	  	  As	  participants	  walked	  to	  Room	  A	  they	  had	  to	  open	  and	  close	  three	  doors	  between	  the	  two	  rooms	  while	  carrying	  whichever	  technology	  they	  were	  using	  to	  chart	  information	  for	  that	  particular	  video.	  	  	  Participants	  were	  randomly	  assigned	  to	  conditions	  upon	  arrival;	  each	  participant	  experienced	  all	  three	  charting	  technologies,	  paper,	  tablet	  and	  laptop,	  presented	  in	  a	  randomized	  order.	  	  They	  watched	  all	  three	  video	  clips	  also	  in	  a	  randomized	  order	  and	  they	  experienced	  all	  three	  of	  the	  environmental	  waiting	  conditions	  in	  a	  randomized	  order.	  	  Each	  of	  the	  waiting	  conditions	  took	  one	  minute	  so	  the	  participants	  were	  expected	  to	  hold	  the	  information	  they	  had	  encoded	  while	  taking	  notes	  and	  watching	  the	  medical	  clip	  in	  their	  working	  memory	  for	  a	  full	  minute	  before	  being	  given	  a	  blank	  chart	  to	  document	  their	  performance	  on	  information	  they	  could	  recall.	  	  The	  three	  waiting	  conditions	  at	  the	  end	  of	  the	  video	  clip	  were	  as	  follows:	  
• the	  participant	  remained	  seated	  and	  waited	  for	  exactly	  1	  minute	  before	  being	  presented	  with	  the	  blank	  chart	  on	  either	  paper,	  the	  tablet	  or	  the	  laptop,	  and	  being	  asked	  to	  fill	  the	  chart	  out	  based	  on	  the	  video	  they	  had	  most	  recently	  watched.	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• the	  participant	  was	  asked	  to	  walk	  for	  one	  minute	  within	  the	  same	  room	  before	  being	  seated	  to	  fill	  out	  the	  blank	  chart	  on	  the	  video	  they	  most	  recently	  watched.	  
• the	  participant	  was	  given	  one	  minute	  to	  walk	  into	  the	  second	  experimental	  room	  A,	  passing	  through	  2	  rooms	  and	  3	  doorways	  along	  the	  way	  before	  they	  were	  seated	  and	  asked	  to	  fill	  out	  the	  blank	  chart	  about	  the	  most	  recent	  video	  that	  was	  watched.	  	  	  There	  was	  a	  one	  minute	  break	  between	  each	  of	  the	  videos	  and	  charting	  conditions	  that	  was	  used	  to	  cue	  the	  next	  video,	  and	  participants	  were	  given	  as	  much	  time	  as	  necessary	  after	  the	  clips	  stopped	  to	  complete	  their	  note	  taking	  on	  the	  first	  chart	  before	  their	  break	  began.	  	  While	  they	  were	  filling	  out	  their	  second	  chart	  they	  were	  asked	  to	  indicate	  to	  the	  researcher	  when	  they	  were	  finished	  so	  they	  could	  begin	  their	  1-­‐minute	  break	  before	  watching	  the	  next	  clip.	  	  	  Once	  the	  participants	  had	  completed	  filling	  out	  each	  of	  the	  charts	  they	  were	  asked	  to	  complete	  a	  post	  experimental	  survey	  indicating	  their	  overall	  use	  of	  the	  three	  technologies	  for	  note	  taking,	  their	  preferences	  for	  recall	  and	  their	  overall	  understanding	  and	  enjoyment	  of	  the	  three	  video	  clips.	  	  See	  Appendix	  E	  for	  the	  survey.	  	  	  The	  entire	  procedure	  lasted	  approximately	  25	  minutes.	  	  Each	  video	  contained	  more	  information	  than	  could	  be	  recalled	  in	  the	  normal	  capacity	  limitations	  of	  working	  memory	  with	  out	  using	  an	  information	  recording	  device.	  	  Two	  of	  the	  videos	  had	  42	  potential	  items	  to	  be	  recalled,	  and	  one	  had	  21.	  	  This	  was	  done	  intentionally	  to	  determine	  if	  there	  was	  an	  effect	  of	  amount	  of	  information	  being	  presented	  in	  the	  certain	  time	  frame.	  	  	  Note	  taking	  on	  the	  tablet	  was	  completed	  using	  the	  on	  screen	  Qwerty	  keyboard.	  	  Participants	  could	  touch	  different	  sections	  of	  the	  chart	  to	  move	  the	  cursor	  and	  begin	  typing	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or	  they	  could	  tab	  through	  their	  options	  using	  the	  tab	  key	  on	  the	  keyboard.	  	  While	  the	  keyboard	  was	  visible	  a	  significant	  portion	  of	  the	  screen	  was	  obstructed	  from	  view.	  	  	  The	  experimental	  design	  and	  procedure	  was	  approved	  by	  the	  Institutional	  Review	  Board	  of	  Cornell	  University.	  
	  
2.6	  Data	  Analysis	  	  
	   Performance	  scores	  were	  assigned	  for	  both	  charts	  during	  the	  experimental	  condition.	  	  The	  first	  score	  reflects	  the	  number	  of	  items	  of	  information	  that	  the	  participant	  recorded	  while	  watching	  the	  clip	  and	  charting	  simultaneously	  and	  the	  second	  score	  relates	  to	  the	  number	  of	  items	  of	  information	  that	  were	  accurately	  recalled	  after	  experiencing	  the	  environmental	  wait	  factor	  and	  having	  a	  minute	  break	  between	  viewing	  the	  video	  and	  recalling	  the	  information.	  	  	  Mixed	  model	  analysis	  was	  completed	  using	  multivariate	  statistical	  analysis	  software	  (SPSS	  version	  21)	  to	  compare	  the	  number	  of	  items	  reported	  on	  the	  first	  charts	  (the	  note	  taking	  conditions-­‐	  encoding	  stage)	  to	  the	  environment,	  technology	  and	  video	  clip.	  	  	  The	  same	  mixed	  model	  ANOVA	  was	  used	  to	  compare	  the	  number	  of	  items	  reported	  in	  the	  second	  chart	  (the	  retrieval	  condition)	  as	  well	  as	  to	  compare	  to	  the	  difference	  between	  number	  of	  items	  reported	  or	  their	  overall	  performance	  score.	  	  Pairwise	  comparisons	  were	  made	  for	  main	  and	  interaction	  effects.	  	  Bonferroni	  adjustment	  was	  used	  to	  control	  for	  the	  large	  number	  of	  comparisons	  being	  made.	  	  	  The	  dependent	  variables	  that	  will	  be	  presented	  are:	  	  DV1:	  Items	  reported	  in	  Encoding	  stage	  	  DV2:	  Items	  reported	  in	  Retrieval	  stage	  The	  results	  will	  be	  presented	  simultaneously	  for	  Encoding	  and	  Retrieval,	  highlighting	  the	  performance	  differences	  across	  the	  independent	  variable	  categories.	  	  Further	  they	  will	  be	  categorized	  by	  technology,	  environment,	  and	  then	  clip	  taking	  into	  account	  gender	  when	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there	  was	  a	  significant	  difference.	  	  Additionally,	  information	  type	  will	  be	  presented	  and	  categorized	  based	  on	  which	  technology	  allowed	  for	  the	  greatest	  level	  of	  response	  based	  on	  the	  way	  the	  information	  was	  presented,	  and	  further	  to	  categorize	  the	  information	  composition	  from	  each	  clip.	  	  
	  34	  
	   Chapter	  Three	  
Study	  One	  Results	  
Encoding	  and	  Retrieval	  	  
3.	  	  1	  Technology	  	  	   Significantly	  more	  items	  were	  recorded	  on	  paper	  for	  both	  encoding,	  while	  watching	  the	  video	  clip	  (F(2,79.84)=17.26	  p<.001)	  and	  recall	  (F(2,	  79.63)	  =7.34	  p=.001),	  than	  for	  the	  tablet	  or	  laptop	  (Table	  1).	  	  The	  estimated	  marginal	  mean	  values	  and	  standard	  errors	  are	  presented	  in	  Table	  1.	  	  	  	  The	  results	  of	  the	  pairwise	  comparison	  for	  the	  encoding	  stage	  showed	  a	  significant	  difference	  between	  paper	  and	  tablet	  with	  M=3.7	  ±	  .6	  more	  items	  being	  recorded	  on	  paper	  (p=.000),	  laptop	  and	  tablet	  (p=.006)	  with	  M=2.1	  ±	  .6	  more	  items	  being	  recorded	  on	  the	  laptop	  than	  the	  tablet,	  and	  laptop	  and	  paper,	  with	  M=	  1.7	  ±	  .6	  more	  items	  being	  recorded	  on	  paper	  (p=.029).	  	  During	  the	  retrieval	  stage	  M=	  1.9	  ±	  .5	  (p=.001)	  more	  items	  were	  recalled	  to	  paper	  than	  the	  tablet.	  	  M=	  1.4	  ±	  .5	  (p=.024)	  more	  items	  were	  recalled	  to	  paper	  than	  the	  laptop,	  however	  there	  was	  no	  significant	  difference	  between	  the	  tablet	  and	  the	  laptop.	  	  	  Table	  2	  shows	  the	  relationship	  between	  the	  number	  of	  items	  recorded	  on	  the	  first	  chart	  that	  was	  used	  for	  the	  encoding	  stage,	  and	  the	  number	  of	  items	  that	  were	  accurately	  recalled.	  Average	  values	  are	  presented	  for	  each	  of	  the	  four	  main	  categories	  of	  information	  type	  across	  all	  technoogies.	  	  The	  four	  categories	  of	  information	  were	  all	  related	  to	  patient	  information	  from	  the	  medical	  charting	  videos,	  medication	  information	  was	  presented	  on	  the	  charting	  template	  as	  a	  checkbox	  category	  of	  information,	  numeric	  data	  was	  capturing	  information	  related	  to	  vital	  signs,	  demographic	  information	  spanned	  both	  numerical	  and	  narrative	  information	  and	  the	  remaning	  category,	  narrative	  information	  describes	  any	  remaning	  narrative	  about	  the	  patient	  in	  each	  video.	  	  Error	  categories	  are	  presented	  along	  the	  last	  row	  of	  the	  chart	  and	  will	  be	  explained	  further	  in	  the	  discussion	  section.	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Table	  1:	  Mean	  items	  recorded	  and	  recalled	  based	  on	  technology	  used	  
Encoding	   Retrieval	  	   Difference	  	  	  
Technology	   Mean	   S.E.	   Mean	   S.E.	   	  
Paper	   13.5	   0.5	   10.3	   0.5	   3.2	  
Tablet	   9.7	   0.6	   8.4	   0.5	   1.3	  
Laptop	   11.8	   0.6	   8.9	   0.5	   2.9	  	  	  *Based	  on	  Estimated	  Marginal	  Means	  	  
	  
	  
Table	  2:	  Proportion	  of	  items	  recalled	  based	  on	  technology	  used	  categorized	  by	  
information	  type.	  	  	   Medications	  	   Numeric	  	   Demographic	   Narrative	  	   Total	  	  Paper	   1.00 0.68 0.97 0.77 .80	  Tablet	  	   1.04	   0.64 1.18 0.88 .90	  Laptop	  	   0.95 0.66 0.93 0.75 .78 Average	   1.00 0.66 1.03 0.80 	  Error	  Type	   Omission	  	   Reversal	  	   Generation,	  Reversal	  &	  Omission	   Omission	  	   	  *Bolded	  values	  indicate	  generation	  of	  accurate	  information	  over	  the	  minute	  break.	  	   	  
	  
3.2	  Environment	  	  	   There	  was	  no	  statistically	  significant	  effect	  of	  the	  1	  minute	  environmental	  wait	  condition	  on	  the	  number	  of	  items	  recalled.	  	  Table	  2	  shows	  mean	  values	  for	  number	  of	  items	  recorded	  during	  the	  encoding	  stage,	  and	  retrieval,	  highlighting	  their	  difference.	  	  	  	  
Table	  3:	  Mean	  number	  of	  items	  recorded	  and	  recalled	  based	  on	  environmental	  
waiting	  condition.	  	  	  




Mean	   S.E	   Mean	   S.E	   	  
Wait	   11.6	   0.6	   9.2	   0.5	   2.4	  
Walk	  in	  Rm.	  	  
B	  
12.1	   0.6	   9.4	   0.5	   2.7	  
Walk	  to	  Rm.	  	  
A	  





3.3	  Video	  Clip	  










Table	  4:	  Mean	  number	  of	  items	  recorded	  and	  recalled	  based	  on	  video	  clip	  
Encoding	  	   Retrieval	  	  	   Difference	  	  Video	  Clip	  
	  	   Mean	   S.E.	   Mean	   S.E.	   	  
Diabetes	   7.8	   0.5	   6.8	   0.5	   1.0	  
Post	  
Partum	  
12.5	   0.6	   10.0	   0.5	   2.5	  
Medical	  
Error	  
14.7	   0.6	   10.8	   0.5	   3.9	  	  	  *Based	  on	  Estimated	  Marginal	  Means	  	  
	  
	  
Table	  5:	  Mean	  number	  of	  items	  recalled	  based	  on	  video	  clip	  categorized	  by	  
information	  type.	  
Diabetes	  	   Medications	  (0)	   Numeric	  (2)	   Demographic	  (7)	   Narrative	  (11)	  	   Total	  	  (20)	  Paper	   0.21 1.43 3.93 1.71 7.3 Tablet	   0.00 1.44 4.38 0.75 6.6 Laptop	  	   0.06 1.72 4.39 0.44 6.6 
Post	  
Partum	  	  
Medications	  (2)	   Numeric	  (6)	   Demographic	  (4)	   Narrative	  (30)	  	   Total	  	  (42)	  Paper	   1.28 3.33 3.00 3.83 11.4 Tablet	   0.86 2.50 2.71 2.57 8.6 Laptop	  	   1.13 2.38 2.69 3.75 9.9 
Medical	  
Error	  	  
Medications	  (3)	   Numeric	  (9)	   Demographic	  (4)	   Narrative	  (26)	  	   Total	  	  (42)	  Paper	   2.50 1.44 2.81 5.75 12.5 Tablet	   2.56 0.89 3.00 3.50 9.9 Laptop	  	   2.43 1.00 2.21 4.14 9.8 
	  









	   Chapter	  Four	  
Study	  One	  Discussion	  This	  study	  investigated	  the	  effects	  of	  input	  technology	  and	  environmental	  conditions	  on	  working	  memory	  for	  three	  different	  medical	  charting	  scenarios.	  	  Technology	  was	  manipulated	  in	  the	  form	  of	  changing	  the	  charting	  interface	  between	  paper,	  a	  tablet	  PC	  and	  a	  laptop,	  the	  three	  most	  feasible	  options	  for	  current	  medical	  charting	  practices	  (Anderson,	  2009).	  	  Research	  in	  the	  field	  of	  memory	  suggested	  the	  importance	  of	  evaluating	  environmental	  factors	  for	  their	  effects	  on	  ability	  to	  recall	  information	  (Radvansky	  et	  al.,	  2011).	  	  Radvansky	  et	  al.	  (2011)	  demonstrated	  the	  effects	  of	  location	  updating	  effects,	  this	  phenomenon	  was	  the	  basis	  for	  the	  second	  hypothesis	  suggesting	  that	  more	  information	  would	  be	  recalled	  in	  the	  same	  environment	  as	  the	  videos	  were	  initially	  encoded.	  	  Finally,	  familiarity	  of	  information,	  gauged	  from	  self	  reported	  survey	  data	  was	  evaluated	  for	  an	  influence	  on	  performance	  scores.	  	  These	  results	  are	  discussed	  in	  detail	  in	  the	  following	  sections.	  	  	  	  
4.1	  Technology	  	  Parkinson	  and	  Khurana	  (2007)	  demonstrated	  that	  motor	  processes	  for	  well	  learned	  skills,	  handwriting	  among	  participants,	  aides	  in	  the	  process	  of	  letter	  recognition.	  	  Suggesting	  that	  the	  act	  of	  manual	  formation	  of	  text	  triggers	  traces	  in	  the	  long-­‐term	  memory	  store	  that	  cannot	  be	  replicated	  through	  typing	  the	  same	  information.	  	  From	  this	  study	  it	  follows	  that	  recall	  performance	  on	  the	  medical	  charts	  completed	  using	  paper	  would	  be	  greater	  than	  the	  performance	  found	  from	  typing	  on	  either	  of	  the	  electronic	  platforms,	  the	  basis	  for	  hypothesis	  one.	  	  	  The	  results	  showed	  a	  statistically	  significant	  effect	  of	  the	  input	  recording	  technology	  for	  both	  numbers	  of	  items	  recorded	  and	  recalled,	  and	  performance	  was	  superior	  for	  paper	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compared	  with	  either	  a	  laptop	  or	  tablet	  PC,	  which	  did	  not	  differ.	  	  This	  finding	  supports	  hypothesis	  one,	  that	  there	  was	  an	  effect	  of	  technology.	  	  The	  information	  gathered	  from	  the	  follow	  up	  survey	  confirmed	  that	  paper	  was	  the	  preferred	  technology	  for	  recalling	  medical	  information	  for	  the	  participants	  tested	  and	  the	  general	  usage	  patterns	  highlighting	  the	  prevalence	  of	  paper	  use	  helps	  to	  explain	  how	  paper	  consistently	  outperformed	  the	  tablet	  PC	  and	  laptop	  for	  both	  note	  taking	  and	  recall.	  	  Laptops	  were	  the	  second	  most	  often	  used	  technology,	  however,	  the	  difference	  in	  performance	  between	  laptops	  and	  tablet	  PC	  was	  not	  statistically	  significant.	  	  Possible	  explanations	  for	  the	  lack	  of	  variation	  between	  performances	  on	  the	  electronic	  technologies	  could	  be	  attributed	  to	  the	  experience	  level	  of	  the	  participants	  tested.	  	  The	  training	  task	  that	  each	  participant	  completed	  was	  a	  brief	  exposure	  to	  the	  structure	  of	  the	  medical	  chart	  that	  would	  be	  used	  for	  data	  collection	  while	  the	  participant	  viewed	  a	  standard	  two-­‐minute	  clip	  and	  recorded	  notes	  on	  the	  tablet.	  	  For	  many	  participants	  it	  was	  their	  first	  time	  using	  a	  Surface	  tablet,	  which	  could	  have	  caused	  lower	  performance	  than	  could	  be	  expected	  with	  more	  experienced	  users.	  	  Future	  iterations	  of	  research	  comparing	  the	  effects	  of	  technology	  should	  ensure	  that	  experience	  levels	  are	  reasonably	  balanced	  in	  order	  to	  make	  accurate	  comparison	  of	  performance.	  	  More	  training	  time	  and	  a	  separate	  task	  to	  familiarize	  participants	  with	  the	  structure	  of	  the	  medical	  chart	  could	  have	  improved	  the	  performance	  during	  the	  tablet	  PC	  charting	  condition.	  	  	  While	  paper	  was	  the	  preferred	  method	  in	  this	  study,	  alternate	  research	  suggests	  the	  benefits	  and	  preferences	  towards	  electronic	  media	  for	  capturing	  notes	  due	  to	  the	  speed	  and	  security	  of	  having	  the	  information	  stored	  in	  one	  place	  (Shabbir	  et	  al.,	  2010).	  	  The	  benefits	  of	  manual	  writing	  help	  in	  recall,	  but	  come	  at	  a	  trade	  off	  of	  efficiency	  for	  capturing	  novel	  information	  (McAndrew	  et	  al.,	  2012;	  Schoen,	  2009).	  	  In	  the	  context	  of	  this	  experiment	  the	  information	  presented	  to	  participants	  from	  the	  videos	  was	  dense	  and	  quick	  paced,	  suggesting	  that	  the	  laptop	  should	  have	  been	  the	  best	  technology	  to	  record	  the	  most	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information	  while	  allowing	  the	  participants	  to	  focus	  on	  encoding	  the	  information	  rather	  than	  worrying	  about	  how	  much	  they	  could	  record	  on	  each	  of	  the	  devices.	  	  	  Schoen	  (2009)	  studied	  the	  effects	  of	  manual	  handwriting	  compared	  to	  typing	  on	  performance	  of	  learning	  information	  from	  a	  lecture	  or	  textbook,	  and	  found	  that	  typing	  allowed	  for	  increased	  amount	  of	  information	  to	  be	  recorded	  which	  then	  lowered	  the	  cognitive	  strain	  of	  multitasking	  and	  allowed	  participants	  to	  recall	  more	  information	  in	  the	  follow	  up	  testing.	  	  Schoen’s	  claim	  that	  typing	  was	  the	  superior	  method	  of	  input	  was,	  in	  part,	  due	  to	  efficiency	  of	  information	  transfer.	  	  A	  possible	  reason	  this	  claim	  was	  not	  supported	  by	  the	  present	  study	  could	  be	  the	  fact	  that	  regardless	  of	  the	  technology	  used	  each	  experimental	  video	  used	  lasted	  the	  same	  duration	  and	  participants	  were	  not	  prompted	  to	  finish	  their	  note	  taking	  or	  recall	  with	  any	  time	  pressure.	  	  Eliminating	  the	  pressures	  of	  completing	  a	  task	  in	  a	  fixed	  duration	  of	  time	  allows	  participants	  to	  reflect	  on	  the	  information	  as	  they	  initially	  record	  it,	  which	  could	  lead	  to	  improved	  levels	  of	  encoding,	  and	  subsequently	  performance	  increases	  on	  recall.	  	  	  Table	  2	  helps	  to	  highlight	  the	  different	  types	  of	  information	  that	  were	  captured	  with	  the	  medical	  chart	  and	  their	  relationship	  with	  each	  technology	  interface.	  	  The	  last	  column	  in	  this	  table	  represents	  the	  total	  proportion	  of	  change	  that	  occurred	  between	  the	  first	  and	  second	  medical	  chart	  and	  provides	  a	  new	  perspective	  to	  evaluate	  the	  performance	  by.	  	  Although	  the	  paper	  technology	  allowed	  for	  more	  items	  to	  be	  recorded	  and	  recalled	  the	  proportion	  of	  successful	  recall	  was	  10%	  less	  than	  the	  scores	  achieved	  by	  the	  tablet	  PC,	  where	  recall	  wasn’t	  as	  extensive	  in	  value,	  however	  the	  proportion	  of	  original	  information	  that	  was	  encoded	  was	  more	  likely	  to	  be	  recalled.	  	  Beyond	  the	  comparisons	  that	  can	  be	  made	  between	  technology	  type	  for	  overall	  performance	  it	  is	  interesting	  to	  note	  the	  level	  of	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difference	  between	  the	  types	  of	  information	  recalled,	  looking	  to	  the	  difference	  between	  the	  tablet	  PC,	  paper	  and	  laptop	  for	  the	  demographic	  category	  shows	  that	  for	  demographic	  information,	  the	  tablet	  interface	  may	  be	  too	  cumbersome	  to	  record	  specific	  demographic	  details,	  when	  compared	  on	  relying	  on	  basic	  human	  mechanisms	  of	  working	  memory.	  	  However	  once	  participants	  were	  given	  more	  time	  to	  reflect	  on	  the	  information	  they	  were	  able	  to	  populate	  that	  category	  of	  the	  chart	  more	  fully.	  	  	   The	  error	  information	  that	  was	  recorded	  on	  the	  chart	  indicates	  the	  explanations	  to	  why	  there	  is	  a	  value	  in	  the	  table	  that	  is	  less	  than	  1.0.	  	  Values	  equal	  to	  1.0	  indicate	  a	  perfect	  score	  between	  the	  first	  and	  second	  charting	  systems	  and	  show	  that	  no	  information	  was	  forgotten.	  	  Errors	  of	  omission	  refer	  to	  instances	  where	  the	  information	  was	  forgotten	  and	  that	  region	  of	  the	  chart	  was	  left	  blank,	  these	  errors	  were	  most	  common	  for	  narrative	  information,	  followed	  by	  demographic	  information	  and	  on	  rare	  occasion	  were	  observed	  for	  medication	  information.	  	  Errors	  of	  reversal	  describe	  a	  phenomenon	  in	  which	  numeric	  values	  were	  transposed,	  or	  simply	  recorded	  in	  the	  wrong	  area	  of	  the	  chart	  indicating	  that	  the	  value	  was	  still	  reported	  correctly,	  however	  the	  participant	  would	  provide	  heart	  rate	  information	  for	  temperature	  ratings,	  which	  was	  considered	  an	  error.	  	  These	  errors	  were	  most	  commonly	  observed	  for	  the	  numeric	  data	  that	  captured	  the	  vital	  signs	  portion	  of	  the	  medical	  charting	  template.	  	  The	  last	  error	  type	  that	  was	  found	  in	  this	  study	  was	  an	  error	  of	  generation,	  in	  which	  participants,	  rather	  than	  leaving	  a	  section	  of	  the	  chart	  blank	  to	  show	  an	  error	  of	  omission,	  would	  populate	  the	  chart	  with	  false	  information	  instead.	  	  These	  errors	  were	  predominately	  found	  in	  the	  demographic	  category	  of	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information	  and	  would	  typically	  occur	  in	  the	  form	  of	  assigning	  a	  similar	  name	  to	  the	  name	  of	  the	  patient	  in	  the	  video.	  	  	   Categorization	  of	  information	  in	  this	  way	  helps	  to	  explain	  the	  relationship	  of	  how	  information	  should	  be	  presented	  on	  each	  of	  the	  technological	  interfaces	  for	  the	  greatest	  level	  of	  performance	  among	  medical	  professionals.	  	  Further	  analysis	  of	  statistical	  differences	  between	  the	  occurrence	  of	  error	  type	  and	  the	  performance	  associated	  with	  technology	  type	  can	  influence	  the	  design	  of	  medical	  charting	  interfaces	  and	  lead	  to	  tangible	  design	  guidelines.	  	  
	  
4.2	  Environment	  Surprisingly,	  the	  results	  for	  the	  effects	  of	  the	  environmental	  wait	  condition	  on	  the	  ability	  to	  recall	  information	  were	  not	  statistically	  significant,	  and	  there	  was	  no	  evidence	  of	  a	  location	  updating	  effect,	  as	  proposed	  by	  Radvansky	  et	  al.	  (2011),	  on	  the	  recall	  of	  medical	  information.	  	  Rather	  than	  observing	  a	  notable	  difference	  in	  number	  of	  items	  recalled	  after	  walking	  to	  a	  new	  location	  all	  observations	  were	  between	  the	  ranges	  of	  9-­‐9.4	  items,	  it	  seems	  that	  the	  capacity	  limitations	  for	  working	  memory	  played	  a	  more	  significant	  role	  in	  determining	  the	  amount	  of	  information	  that	  was	  accurately	  recalled	  (Miller,	  1956).	  	  	  However,	  the	  present	  study	  was	  conducted	  in	  a	  laboratory	  rather	  than	  a	  real	  hospital	  and	  the	  participants	  were	  students	  rather	  than	  physicians	  and	  nurses.	  	  Future	  research	  might	  usefully	  explore	  whether	  or	  not	  a	  location	  updating	  effect	  can	  be	  confirmed	  in	  a	  real	  hospital	  and	  for	  real	  medical	  professionals.	  	  The	  fact	  that	  there	  was	  no	  significant	  location	  updating	  effect	  demonstrated	  through	  this	  study	  is	  relevant	  to	  the	  physical	  layout	  of	  reporting	  stations	  and	  current	  medical	  professionals	  already	  choose	  to	  complete	  a	  majority	  of	  their	  charting	  activities	  increasingly	  further	  from	  the	  patients	  bedside,	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(Anderson,	  2009)	  arguably	  the	  location	  at	  which	  the	  information	  was	  encoded.	  	  Potential	  explanations	  for	  the	  lack	  of	  environmental	  updating	  effect	  could	  be	  due	  to	  the	  fact	  that	  the	  second	  laboratory	  room,	  where	  information	  was	  recalled	  after	  the	  break,	  looked	  very	  familiar	  to	  the	  first	  room	  where	  the	  information	  was	  encoded.	  	  Radvansky	  et	  al.	  (2011)	  suggested	  one	  of	  the	  reasons	  that	  passage	  through	  doorways	  causes	  forgetting	  is	  due	  to	  the	  fact	  that	  there	  are	  often	  less	  retrieval	  cues	  in	  the	  new	  environment	  that	  can	  trigger	  working	  memory	  to	  produce	  the	  information	  needed.	  	  Since	  participants	  in	  the	  present	  study	  were	  traveling	  a	  short	  distance	  to	  a	  room	  that	  appeared	  to	  be	  very	  similar	  perhaps	  their	  cues	  used	  for	  transitioning	  recall	  were	  still	  present	  in	  the	  second	  room.	  	  Future	  research	  could	  require	  that	  participants	  move	  to	  more	  distinctly	  visually	  different	  locations	  to	  more	  accurately	  represent	  the	  transition	  from	  a	  patient	  room	  to	  a	  corridor	  or	  doctors	  office,	  locations	  where	  physicians	  are	  currently	  transitioning	  between	  to	  complete	  their	  charting	  tasks	  (Anderson,	  2009).	  	  	  Additionally,	  Radvansky	  et	  al.	  (2011)	  observed	  the	  location	  updating	  effects	  when	  prompting	  participants	  to	  recall	  visual	  stimuli,	  the	  aim	  of	  this	  experiment	  was	  to	  have	  participants	  recall	  auditory	  stimuli,	  which	  as	  Baddeley	  outlined	  relies	  on	  an	  entirely	  different	  system,	  the	  phonological	  loop	  (McLeod,	  2012).	  	  Therefore	  there	  is	  reason	  to	  believe	  that	  if	  replicated	  with	  information	  that	  is	  accessed	  through	  the	  visuospatial	  sketchpad	  the	  location	  updating	  effect	  may	  be	  observed.	  	  Naka	  and	  Naoi	  (1995)	  suggested	  that	  the	  effect	  of	  encoding	  specificity	  relied	  on	  both	  technology	  cues	  of	  how	  information	  is	  encoded	  and	  recalled,	  and	  also	  relied	  heavily	  on	  the	  visual	  cues	  in	  the	  surrounding	  environment	  during	  encoding	  and	  recall.	  	  From	  this,	  it	  is	  feasible	  to	  state	  that	  the	  changing	  visual	  stimuli	  displaces	  information	  that	  was	  visually	  encoded,	  however	  has	  little	  or	  no	  effect	  on	  stimuli	  stored	  within	  the	  phonological	  loop.	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4.3	  Video	  Clip	  There	  was	  a	  significant	  effect	  of	  the	  video	  clip	  on	  the	  number	  of	  items	  recorded	  and	  recalled,	  supporting	  the	  third	  hypothesis	  that	  familiarity	  of	  subject	  matter	  aides	  in	  recall.	  	  The	  subject	  matter	  of	  each	  clip	  was	  highly	  specific	  medical	  information	  pertaining	  to	  an	  error	  in	  communication	  among	  doctors	  prescribing	  medicine,	  a	  post	  partum	  hemorrhage	  trauma,	  and	  an	  educational	  diabetes	  care	  plan	  clip.	  	  Performance	  improvements	  in	  the	  diabetes	  clip	  could	  have	  been	  attributed	  to	  the	  fact	  that	  that	  information	  was	  more	  widely	  accessible	  and	  familiar	  than	  the	  information	  presented	  in	  the	  medical	  diagnostic	  error	  and	  the	  post	  partum	  video.	  	  This	  assumption	  is	  confirmed	  through	  the	  ratings	  on	  the	  post	  experimental	  survey.	  	  According	  to	  the	  post	  experimental	  survey	  results	  the	  Diabetes	  clip	  rated	  the	  highest	  among	  memorability,	  interest,	  understandability,	  enjoyment	  and	  overall	  video	  quality	  with	  an	  average	  score	  of	  .63	  out	  of	  1.	  	  The	  score	  for	  post	  Partum	  was	  .55	  and	  for	  Medical	  error	  .52.	  	  Participants	  were	  also	  encouraged	  to	  leave	  additional	  comments	  or	  feedback	  regarding	  the	  experience	  with	  watching	  the	  medical	  clips	  and	  completing	  the	  charting	  activities.	  	  Comments	  suggested	  that	  the	  pace	  of	  the	  videos	  was	  at	  times	  difficult	  to	  process	  and	  they	  would	  prefer	  a	  system	  where	  they	  could	  pause	  the	  information	  to	  be	  able	  to	  record	  more	  information	  initially	  and	  retain	  more	  for	  subsequent	  charting	  activities.	  	  	  Due	  to	  the	  fact	  that	  participants	  were	  not	  screened	  prior	  to	  experimentation	  for	  their	  levels	  of	  exposure	  to	  the	  subject	  matter	  of	  the	  video	  clips	  it	  was	  assumed	  that	  they	  all	  experienced	  similar	  levels	  of	  understanding	  of	  the	  medical	  conditions	  being	  presented	  in	  the	  video	  clips.	  	  The	  follow	  up	  survey	  was	  able	  to	  indicate	  which	  video	  was	  most	  preferred	  and	  easiest	  to	  understand,	  however	  the	  videos	  still	  did	  not	  capture	  the	  true	  experience	  of	  recording	  information	  in	  hospitals	  first	  hand.	  	  In	  order	  to	  eliminate	  unnecessary	  effects	  of	  quality	  or	  content	  of	  video	  clips	  future	  research	  should	  be	  conducted	  in	  actual	  hospital	  settings,	  amongst	  medical	  students	  on	  ward	  rounds.	  	  In	  a	  situation	  where	  multiple	  students	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are	  recording	  notes	  on	  the	  same	  patients	  the	  effects	  of	  technology	  or	  a	  changing	  environment	  might	  be	  more	  easily	  discernable.	  Table	  5	  reports	  actual	  mean	  values	  of	  information	  recalled	  after	  the	  1-­‐minute	  break	  for	  each	  of	  the	  videos	  used	  in	  this	  study.	  	  Values	  that	  are	  bolded	  indicate	  a	  situation	  in	  which	  more	  accurate	  information	  was	  captured	  than	  the	  video	  explicitly	  mentioned,	  for	  example	  the	  values	  for	  medication	  for	  the	  diabetes	  clips,	  when	  greater	  than	  1	  indicate	  that	  a	  participant	  selected	  the	  ‘other’	  option	  and	  personally	  input	  medication	  information	  that	  wasn’t	  provided	  by	  the	  list	  on	  the	  chart.	  	  Comparisons	  should	  be	  made	  across	  technology	  within	  each	  column	  of	  information	  type	  to	  help	  indicate	  which	  presentation	  of	  information	  lends	  itself	  best	  for	  performance	  scores	  for	  each	  of	  the	  three	  technologies.	  	  
	  




4.5	  Limitations	  	  Limitations	  to	  the	  study	  include	  small	  sample	  size	  and	  the	  lack	  of	  generalizability	  from	  using	  a	  sample	  of	  students	  from	  a	  University.	  	  Additionally,	  since	  students	  were	  not	  screened	  to	  ensure	  that	  English	  was	  their	  first	  language,	  a	  certain	  subset	  of	  the	  sample	  experienced	  great	  difficulty	  in	  understanding	  the	  videos	  of	  medical	  charting	  scenarios	  due	  to	  quick	  pace	  and	  seemingly	  advanced	  English	  medical	  jargon.	  	  	  	   Pilot	  testing	  resolved	  issues	  in	  the	  original	  experimental	  procedure	  prior	  to	  data	  collection,	  however	  there	  were	  still	  a	  few	  conditions	  that	  could	  have	  been	  more	  explicitly	  described	  to	  avoid	  confusion.	  	  The	  walking	  within	  the	  single	  experimental	  room	  condition	  was	  notably	  the	  most	  difficult	  for	  participants	  to	  understand	  and	  perform	  with	  out	  asking	  questions,	  simply	  standing	  still,	  or	  trying	  to	  leave	  the	  room.	  	  In	  future	  iterations	  of	  this	  research,	  experimenters	  should	  tape	  spots	  to	  the	  floor	  with	  signs	  saying	  walk	  back	  and	  forth	  from	  this	  mark	  to	  the	  next	  to	  provide	  more	  structure	  in	  that	  environmental	  waiting	  condition.	  	  The	  condition	  in	  which	  participants	  walked	  into	  a	  new	  room	  had	  some	  variability	  in	  the	  amount	  of	  time	  the	  participants	  were	  up	  and	  walking	  based	  on	  personal	  differences	  in	  gait,	  although	  the	  distance	  traveled	  remained	  the	  same	  among	  all	  participants.	  	  	  	   Additionally,	  there	  were	  no	  intermediate	  distracter	  tasks	  that	  are	  typically	  used	  to	  avoid	  recency	  effects,	  where	  participants	  are	  more	  likely	  to	  recall	  information	  that	  was	  most	  recently	  presented,	  while	  studying	  human	  memory	  (Buchsbaum,	  2010).	  	  While	  it	  was	  unclear	  from	  the	  present	  analysis	  if	  the	  information	  that	  was	  recalled	  was	  predominately	  information	  that	  was	  presented	  during	  the	  final	  seconds	  of	  the	  clip	  it	  could	  have	  been	  useful	  to	  include	  a	  distracter	  task	  between	  conditions	  of	  encoding	  and	  recall	  to	  ensure	  that	  each	  of	  the	  environmental	  waiting	  conditions	  required	  some	  alternate	  level	  of	  brain	  functioning	  to	  assess	  the	  amount	  of	  information	  that	  was	  actually	  learned	  during	  the	  viewing	  of	  the	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medical	  clips.	  	  The	  two	  conditions	  where	  walking	  was	  employed	  as	  a	  form	  of	  distraction	  were	  matched	  on	  duration,	  however	  the	  distance	  traveled	  was	  minimal	  and	  may	  not	  have	  been	  a	  sufficiently	  different	  activity	  to	  clear	  the	  phonological	  loop	  from	  rehearsing	  what	  was	  previously	  viewed	  during	  the	  encoding	  stage	  of	  the	  video	  (Baddeley,	  1988).	  	  By	  simply	  adding	  noise	  as	  a	  distraction	  between	  transitions	  the	  hospital	  environment	  could	  have	  been	  more	  accurately	  represented,	  and	  the	  chances	  of	  participant	  repetition	  or	  utilization	  of	  the	  phonological	  loop	  could	  have	  been	  avoided	  to	  more	  closely	  replicate	  real	  world	  settings.	  	  	  	   Finally,	  the	  fact	  that	  the	  medical	  charts	  were	  structured	  for	  both	  the	  note	  taking	  and	  recall	  stages	  of	  the	  experiment	  could	  have	  influenced	  the	  level	  of	  information	  that	  was	  recalled	  since	  the	  identical	  formatting	  of	  the	  second	  chart	  could	  feasibly	  act	  as	  a	  trigger	  to	  the	  visuospatial	  sketchpad,	  prompting	  the	  recall	  of	  information	  that	  was	  preciously	  encoded	  (Baddeley,	  1988).	  	  Doebbeling	  (2009)	  suggested	  that	  the	  persistence	  of	  paper	  in	  medical	  facilities	  that	  have	  transitioned	  to	  electronic	  systems	  are	  now	  utilizing	  paper	  as	  a	  free	  form	  outlet	  of	  quick	  note	  taking	  that	  aides	  in	  the	  process	  of	  recall	  when	  physicians	  complete	  their	  charting	  activities	  after	  a	  delay,	  away	  from	  the	  patients	  bedside.	  	  Reich	  (2012)	  also	  considers	  how	  the	  reliance	  on	  technology	  changes	  the	  relationship	  to	  information	  and	  shows	  that	  the	  system	  of	  alerts	  and	  checks	  that	  are	  embedded	  within	  the	  technology	  allow	  for	  the	  attention	  of	  the	  medical	  professionals	  to	  be	  directed	  elsewhere.	  	  In	  order	  to	  represent	  a	  more	  realistic	  experience	  of	  what	  charting	  would	  be	  like	  in	  medical	  settings	  while	  in	  the	  laboratory	  context,	  free	  form	  notes	  could	  have	  been	  used	  for	  the	  encoding	  stage	  while	  allowing	  the	  structured	  chart	  to	  be	  introduced	  after	  a	  minute	  delay.	  	  Since	  the	  handwriting	  was	  already	  assumed	  to	  trigger	  memories,	  and	  the	  chart	  was	  identical	  in	  both	  encoding	  and	  recall	  stages	  the	  second	  stage	  could	  have	  acted	  as	  a	  fill	  in	  the	  blank	  type	  assessment	  which	  might	  not	  have	  adequately	  determined	  which	  information	  would	  translate	  to	  lasting	  information	  in	  the	  participants	  mind.	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4.6	  Study	  Two	  Rationale	  	  	   While	  this	  research	  found	  an	  effect	  for	  the	  quality	  of	  using	  paper	  for	  both	  encoding	  and	  retrieval	  of	  medical	  information	  it	  did	  not	  provide	  a	  clear	  explanation	  of	  why.	  	  Previous	  research	  has	  shown	  a	  natural	  propensity	  to	  choose	  paper	  as	  the	  preferred	  medium	  (Schoen,	  2009),	  and	  this	  effect	  was	  clearly	  replicated	  in	  the	  present	  study	  as	  70.1%	  chose	  paper	  as	  their	  primary	  source	  of	  recording	  important	  to	  be	  remembered	  information.	  	  Despite	  participants’	  preferences	  toward	  paper	  Schoen’s	  (2009)	  research	  supports	  the	  idea	  that	  typing	  is	  the	  best	  medium	  since	  it	  allows	  for	  a	  more	  efficient	  transfer	  of	  information	  and	  lets	  the	  brain	  focus	  on	  encoding	  rather	  than	  the	  motor	  skills	  necessary	  to	  form	  manual	  text	  through	  handwriting.	  	  Since	  there	  is	  debate	  of	  which	  technology	  affords	  the	  best	  opportunities	  for	  note	  taking	  and	  recall	  in	  the	  context	  of	  memory	  research	  it	  became	  important	  to	  uncover	  the	  mechanisms	  that	  supported	  paper	  as	  the	  superior	  system.	  	  The	  second	  study	  that	  was	  conducted	  in	  line	  with	  this	  research	  topic	  focused	  on	  evaluating	  the	  effects	  of	  the	  motor	  skills	  required	  during	  handwriting	  and	  compared	  that	  activity	  across	  paper	  and	  the	  tablet	  PC	  platforms.	  	  	  	   Based	  on	  the	  confirmed	  third	  hypothesis	  in	  the	  first	  study,	  that	  familiarity	  led	  to	  greater	  levels	  of	  recall	  it	  was	  hypothesized	  that	  paper	  would	  again	  outperform	  handwriting	  with	  a	  stylus	  on	  a	  tablet	  PC	  in	  the	  second	  experiment.	  	  Hypothesis	  1b	  was	  further	  studied	  matching	  the	  motor	  skills	  required	  for	  handwriting	  on	  paper	  to	  those	  of	  handwriting	  on	  a	  tablet	  PC	  using	  a	  stylus.	  	  Results	  from	  the	  second	  study	  should	  highlight	  which	  technology	  allows	  for	  greater	  performance	  independent	  of	  motor	  skills	  required	  for	  inputting	  information	  to	  the	  device.	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Chapter	  5	  	  
Methodology:	  Study	  two	  	  This	  study	  evaluated	  the	  direct	  effects	  of	  the	  motor	  processing	  of	  handwriting	  and	  compared	  two	  technologies	  on	  which	  handwriting	  can	  be	  used,	  a	  tablet	  PC,	  and	  a	  sheet	  of	  paper.	  	  	  
	  
5.1	  Participants	  	  Sixteen	  students	  from	  Cornell	  University	  (4	  male,	  12	  female)	  were	  recruited	  through	  an	  electronic	  posting	  on	  a	  University	  recruiting	  site	  (SUSAN)	  and	  the	  use	  of	  flyers	  on	  campus,	  to	  participate	  in	  this	  study.	  	  View	  a	  copy	  of	  they	  flyer	  used	  for	  recruitment	  in	  the	  Appendix	  F.	  	  Participants	  received	  $5	  payment	  for	  their	  time	  after	  completing	  the	  20	  min	  study.	  	  	  Participants’	  ages	  spanned	  from	  18	  –	  22	  years	  old	  with	  an	  average	  age	  of	  21	  years	  old.	  	  These	  participants	  were	  most	  familiar	  with	  using	  paper	  or	  laptops	  although	  3	  of	  them	  had	  used	  tablets	  on	  a	  regular	  basis,	  at	  least	  once	  a	  day.	  	  All	  but	  one	  of	  them	  reported	  preference	  towards	  paper	  for	  tasks	  specific	  to	  recall.	  	  The	  one	  who	  didn’t	  typically	  use	  paper	  as	  a	  memory	  aid	  used	  a	  laptop	  instead.	  	  	  	  
	  
5.2	  Research	  Design	  	  	  Two	  groups	  of	  participants	  comprised	  of	  8	  individuals,	  one	  group	  was	  entirely	  female	  and	  the	  other	  was	  equally	  mixed	  between	  males	  and	  females.	  	  Each	  group	  experienced	  the	  exact	  same	  variation	  of	  conditions	  as	  Study	  one	  allowing	  all	  participants	  to	  use	  both	  the	  paper,	  and	  tablet	  while	  charting.	  	  Every	  participant	  watched	  both	  medical	  clips,	  post	  partum	  and	  medical	  error,	  and	  was	  presented	  the	  information	  in	  combination	  with	  the	  technology	  in	  a	  balanced	  randomized	  order.	  	  Performance	  scores	  were	  assigned	  for	  both	  charts	  during	  the	  experimental	  condition	  in	  the	  exact	  way	  as	  done	  in	  Study	  one.	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The	  independent	  variables	  for	  this	  study	  were	  the	  technology	  used,	  paper	  and	  tablet.	  	  The	  dependent	  variable	  was	  the	  number	  of	  items	  recalled	  on	  the	  second	  chart	  during	  the	  retrieval	  stage.	  	  	  
	  
5.3	  Setting	  &	  Apparatus	  	  Setting	  was	  identical	  to	  study	  one,	  see	  Figure	  2,	  however	  during	  Study	  two	  Room	  C	  was	  used	  and	  was	  set	  up	  with	  identical	  equipment	  as	  previously	  described.	  	  	  Participants	  would	  enter	  the	  lab	  through	  the	  lobby	  space	  and	  be	  directed	  into	  Room	  C.	  	  This	  room	  has	  a	  window	  to	  they	  lobby	  space	  and	  is	  otherwise	  closed	  off.	  	  Participants	  would	  watch	  both	  videos	  of	  medical	  charting	  scenarios	  in	  this	  space.	  	  	  	  
	  
5.4	  Materials	  	  Participants	  were	  provided	  with	  the	  same	  tablet	  PC	  as	  used	  in	  study	  1	  along	  with	  a	  stylus	  to	  record	  information.	  	  They	  were	  provided	  a	  sheet	  of	  paper	  and	  Bic	  pen	  for	  the	  paper	  charting	  condition.	  	  	  
	  
5.5	  Procedure	  	  The	  process	  of	  obtaining	  consent	  and	  informing	  participants	  about	  the	  study	  was	  identical	  as	  done	  in	  Study	  one.	  	  	  Participants	  were	  randomly	  assigned	  to	  conditions	  upon	  arrival.	  	  Eight	  unique	  combinations	  of	  video	  clip	  and	  technology	  conditions	  were	  created	  and	  assigned	  to	  members	  of	  the	  2	  groups.	  	  The	  conditions	  were	  equally	  distributed	  so	  that	  each	  video	  was	  shown	  for	  each	  of	  the	  different	  technology	  conditions	  to	  avoid	  any	  effects	  of	  the	  quality	  of	  the	  video.	  	  Each	  of	  the	  two	  videos	  had	  42	  potential	  pieces	  of	  information	  to	  record.	  	  Note	  taking	  on	  the	  tablet	  was	  completed	  using	  a	  stylus	  to	  mimic	  the	  motor	  skills	  required	  for	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writing	  on	  paper,	  this	  was	  done	  using	  the	  Microsoft	  Paint	  application	  rather	  than	  using	  Microsoft	  Word	  as	  done	  in	  study	  one.	  	  	  	   The	  timing	  and	  follow	  up	  survey	  for	  the	  second	  study	  was	  also	  identical	  to	  the	  first	  study	  however,	  since	  there	  were	  only	  two	  conditions	  and	  environment	  was	  no	  longer	  a	  factor	  being	  evaluated	  the	  process	  took	  approximately	  20	  minutes.	  	  During	  the	  one-­‐minute	  break	  between	  viewing	  the	  video	  while	  charting	  and	  taking	  notes	  participants	  sat	  quietly	  and	  waited	  for	  the	  duration	  of	  their	  one	  -­‐minute	  break	  before	  being	  presented	  with	  the	  second	  blank	  chart	  and	  asked	  to	  fill	  it	  out	  based	  on	  the	  previously	  watched	  video	  clip.	  	  	  	  
5.6	  Data	  Analysis	  	  
	   Performance	  scores	  were	  assigned	  for	  both	  charts	  during	  the	  experimental	  condition.	  	  The	  first	  score	  reflects	  the	  number	  of	  items	  of	  information	  that	  the	  participant	  recorded	  while	  watching	  the	  clip	  and	  charting	  simultaneously	  and	  the	  second	  score	  relates	  to	  the	  number	  of	  items	  of	  information	  that	  were	  accurately	  recalled	  after	  experiencing	  the	  minute	  break	  between	  viewing	  the	  video	  and	  recalling	  the	  information.	  	  	  Mixed	  model	  analysis	  was	  completed	  using	  multivariate	  statistical	  analysis	  software	  (SPSS	  version	  21)	  to	  compare	  the	  number	  of	  items	  reported	  on	  the	  first	  charts	  (the	  note	  taking	  conditions-­‐	  encoding	  stage)	  to	  the	  technology	  used	  and	  video	  clip.	  	  	  The	  same	  mixed	  model	  ANOVA	  was	  used	  to	  compare	  the	  number	  of	  items	  reported	  in	  the	  second	  chart	  (the	  retrieval	  condition)	  as	  well	  as	  to	  compare	  to	  the	  difference	  between	  number	  of	  items	  reported	  or	  their	  overall	  performance	  score.	  	  Pairwise	  comparisons	  were	  made	  for	  main	  and	  interaction	  effects.	  	  Bonferroni	  adjustment	  was	  used	  to	  control	  for	  the	  large	  number	  of	  comparisons	  being	  made.	  	  	  The	  dependent	  variables	  that	  will	  be	  presented	  are:	  	  DV1:	  Items	  reported	  in	  Encoding	  stage	  	  
	  53	  
DV2:	  Items	  reported	  in	  Retrieval	  stage	  The	  results	  will	  be	  presented	  simultaneously	  for	  Encoding	  and	  Retrieval,	  highlighting	  the	  performance	  differences	  across	  the	  independent	  variable	  categories.	  	  Further	  they	  will	  be	  categorized	  by	  technology,	  video	  clip	  then	  gender.	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Chapter	  Six	  
Study	  Two	  Results	  
	  
Encoding	  and	  Retrieval	  	  
6.1	  Technology	  	  	   Significantly	  more	  items	  were	  recorded	  on	  paper	  for	  both	  encoding,	  while	  watching	  the	  video	  clip,	  (F(1,14)=11.085	  p=.005)	  and	  recall	  (F(1,14)=10.145	  p=.007)	  than	  for	  the	  tablet.	  	  The	  results	  of	  the	  pairwise	  comparison	  for	  the	  encoding	  stage	  showed	  a	  significant	  difference	  between	  paper	  and	  tablet	  with	  M=17.9±1.0	  items	  being	  recorded	  using	  paper,	  and	  14.9±1.0	  recorded	  using	  the	  tablet.	  	  During	  the	  retrieval	  stage	  12.4±0.9	  items	  were	  recalled	  using	  paper,	  and	  9.9±0.9	  were	  recalled	  using	  the	  tablet.	  	  There	  was	  2.9	  ±	  .9	  item	  difference	  (p=.005)	  between	  how	  much	  information	  was	  recorded	  using	  paper	  compared	  to	  hand	  writing	  using	  the	  tablet,	  irrespective	  of	  which	  video	  clip	  was	  playing	  and	  the	  gender	  of	  the	  participant.	  	  	  
Table	  6:	  Proportion	  of	  items	  recalled	  based	  on	  technology	  used	  categorized	  by	  
information	  type.	  	  	   Medications	  	   Numeric	  	   Demographic	  	   Narrative	  	   Total	  	  Paper	   1.00 0.49 1.06 0.73 .75	  Tablet	   1.14 0.39 1.08 0.64 .69	  Average	  	  	   1.07 0.44 1.07 0.68 	  Error	  Type	  	   None	   Reversal	  &	  Omission	   Generation,	  Reversal	  &	  Omission	   Omission	  	   	  *Bolded	  values	  indicate	  generation	  of	  accurate	  information	  over	  the	  minute	  break.	  
	  	  
6.2	  Video	  Clip	  	  There	  was	  a	  significant	  effect	  of	  clip	  (F(1,14)=13.052	  p=0.003)	  on	  the	  number	  of	  items	  recorded	  while	  participants	  were	  watching	  the	  medical	  charting	  scenarios.	  	  During	  the	  retrieval	  stage	  there	  were	  no	  significant	  effects	  of	  video.	  	  There	  was	  a	  mean	  difference	  of	  M=18.0±1.0	  items	  was	  recorded	  for	  the	  medical	  error	  video	  and	  M=	  11.9±0.9	  were	  recalled	  during	  retrieval.	  	  For	  the	  Post	  Partum	  video	  M=14.8±1.0	  items	  were	  recorded	  during	  encoding	  and	  M=10.4±0.9	  items	  were	  recalled	  during	  retrieval.	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The	  pairwise	  comparisons	  for	  the	  encoding	  stage	  revealed	  M=3.2	  item	  difference	  between	  average	  number	  of	  items	  recorded	  during	  each	  video	  clip,	  with	  more	  items	  recorded	  for	  the	  Medical	  Error	  clip	  (p=.003).	  	  Each	  video	  had	  exactly	  42	  items	  that	  could	  have	  been	  recorded.	  	  	  
Table	  7:	  Mean	  number	  of	  items	  recalled	  based	  on	  video	  clip	  categorized	  by	  
information	  type.	  	  
Medical	  
Error	  	  
Medications	  (3)	   Numeric	  (9)	   Demographic	  (4)	   Narrative	  (26)	  	   Total	  	  (42)	  Paper	   3.00 1.38 2.75 5.63 12.75 Tablet	   2.50 1.25 2.38 5.25 11.38 
Post	  
Partum	  	  
Medications	  (2)	   Numeric	  (6)	   Demographic	  (4)	   Narrative	  (30)	  	   Total	  	  (42)	  Paper	   1.25 3.13 2.38 5.63 12.38 Tablet	   1.38 1.75 2.50 3.13 8.75 	  	  
	  
6.3	  Gender	  	  There	  were	  no	  significant	  effects	  of	  gender	  in	  encoding	  or	  retrieval	  stages.	  	  The	  estimated	  marginal	  mean	  values	  and	  standard	  errors	  are	  presented	  in	  Table	  8.	  	  Females	  recorded	  M=15.4	  ±	  1.0	  items	  during	  encoding	  and	  recalled	  M=	  11.5	  ±	  0.8	  items	  during	  retrieval.	  	  Males	  recorded	  17.4	  ±	  1.7	  items	  during	  encoding	  and	  recalled	  10.9	  ±	  1.4	  during	  retrieval.	  	  	  	  
	  
Table	  8:	  Mean	  number	  of	  items	  recorded	  and	  recalled	  based	  on	  Gender	  	  
Encoding	   Retrieval	  	   Difference	  	  	  
Gender	  	   Mean	   S.E.	   Mean	   S.E.	   	  
Female	   15.4	   1.0	   11.5	   0.8	   3.9	  
Male	  	   17.4	   1.7	   10.9	   1.4	   6.5	  *Based	  on	  Estimated	  Marginal	  Means	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Chapter	  Seven	  
Study	  Two	  Discussion	  
7.1	  Technology	  The	  purpose	  of	  this	  study	  evaluated	  the	  direct	  effects	  of	  the	  motor	  processing	  of	  handwriting	  and	  compared	  two	  technologies	  on	  which	  handwriting	  can	  be	  used,	  a	  tablet,	  and	  a	  sheet	  of	  paper.	  	  It	  was	  hypothesized	  (H1a)	  that	  familiarity	  with	  a	  technology	  would	  lend	  itself	  to	  greater	  performance;	  this	  was	  supported	  in	  both	  studies.	  	  The	  information	  gathered	  from	  the	  follow	  up	  survey	  confirmed	  that	  paper	  was	  the	  preferred	  technology	  for	  recalling	  medical	  information	  for	  the	  participants	  tested	  and	  the	  general	  usage	  patterns	  highlighting	  the	  prevalence	  of	  paper	  use	  helps	  to	  explain	  how	  paper	  consistently	  outperformed	  the	  tablet	  PC	  for	  both	  note	  taking	  and	  recall.	  	  Not	  a	  single	  participant	  selected	  the	  tablet	  as	  the	  preferred	  device	  used	  for	  a	  memory	  aide,	  suggesting	  potential	  unfamiliarity	  or	  active	  selection	  of	  alternative	  technologies.	  	  Any	  effects	  of	  lack	  of	  familiarity	  with	  the	  tablet	  should	  have	  been	  mitigated	  through	  use	  of	  the	  training	  activity	  where	  participants	  familiarized	  themselves	  with	  the	  chart	  formatting	  and	  layout	  on	  the	  tablet	  and	  took	  notes	  on	  the	  training	  video	  while	  watching	  to	  simulate	  a	  real	  experimental	  condition.	  	  	  Hypothesis	  1b	  suggested	  an	  effect	  of	  the	  motor	  memory	  associated	  with	  handwriting	  to	  be	  a	  factor	  contributing	  to	  the	  ability	  to	  recall	  information.	  	  The	  second	  study	  expanded	  upon	  this	  hypothesis	  and	  combined	  the	  effects	  of	  familiarity	  with	  motor	  skills	  and	  suggested	  that	  the	  paper	  would	  still	  be	  the	  superior	  technology	  platform	  to	  record	  and	  recall	  medical	  information.	  	  Despite	  using	  motor	  skills	  across	  both	  technology	  conditions	  in	  the	  second	  study	  the	  paper	  still	  showed	  that	  significantly	  more	  items	  were	  being	  recorded	  in	  the	  encoding	  stage	  (M=	  2.9	  items)	  and	  recalled	  during	  retrieval	  (M=	  2.5	  items).	  	  This	  finding	  suggests	  that	  familiarity	  could	  have	  a	  greater	  effect	  than	  motor	  skills	  used	  on	  determining	  which	  technology	  is	  the	  best	  platform	  for	  taking	  medical	  notes.	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Table	  6	  helps	  to	  highlight	  the	  different	  types	  of	  information	  that	  were	  captured	  with	  the	  medical	  chart	  and	  their	  relationship	  with	  each	  technology	  interface,	  the	  paper	  and	  the	  tablet	  PC.	  The	  last	  column	  in	  this	  table	  represents	  the	  total	  proportion	  of	  change	  that	  occurred	  between	  the	  first	  and	  second	  medical	  chart	  and	  provides	  a	  new	  perspective	  to	  evaluate	  the	  performance	  by.	  Paper	  was	  not	  only	  the	  technology	  that	  allowed	  for	  the	  most	  information	  to	  be	  recorded	  and	  recalled,	  but	  also	  demonstrated	  the	  highest	  retention	  values	  when	  comparing	  baseline	  performance	  scores	  to	  the	  number	  of	  items	  recalled.	  	  Beyond	  the	  comparisons	  that	  can	  be	  made	  between	  technology	  type	  for	  overall	  performance	  it	  is	  interesting	  to	  note	  the	  level	  of	  difference	  between	  the	  types	  of	  information	  recalled,	  looking	  to	  the	  difference	  between	  the	  tablet	  PC	  and	  the	  paper	  for	  the	  medication	  category	  shows	  that	  for	  medication	  information,	  the	  tablet	  interface	  may	  be	  too	  cumbersome	  to	  record	  checkbox	  information,	  when	  compared	  on	  relying	  on	  basic	  human	  mechanisms	  of	  working	  memory.	  	  However	  once	  participants	  were	  given	  more	  time	  to	  reflect	  on	  the	  information	  they	  were	  able	  to	  populate	  that	  category	  of	  the	  chart	  more	  fully.	  	  	   The	  error	  information	  that	  was	  recorded	  on	  the	  chart	  indicates	  the	  explanations	  to	  why	  there	  is	  a	  value	  in	  the	  table	  that	  is	  less	  than	  1.0.	  Scores	  equal	  to	  1.0	  would	  indicate	  a	  perfect	  score	  between	  the	  first	  and	  second	  charting	  systems	  and	  show	  that	  no	  information	  was	  forgotten.	  Errors	  of	  omission	  refer	  to	  instances	  where	  the	  information	  was	  forgotten	  and	  that	  region	  of	  the	  chart	  was	  left	  blank,	  these	  errors	  were	  most	  common	  for	  narrative	  information,	  followed	  by	  demographic	  information	  and	  numeric	  information.	  Errors	  of	  reversal	  describe	  a	  phenomenon	  in	  which	  numeric	  values	  were	  transposed,	  or	  simply	  recorded	  in	  the	  wrong	  area	  of	  the	  chart	  indicating	  that	  the	  value	  was	  still	  reported	  correctly,	  however	  the	  participant	  would	  provide	  heart	  rate	  information	  for	  temperature	  ratings,	  which	  was	  considered	  an	  error.	  These	  errors	  were	  most	  commonly	  observed	  for	  the	  numeric	  data	  that	  captured	  the	  vital	  signs	  portion	  of	  the	  medical	  charting	  template,	  they	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were	  occasionally	  observed	  for	  the	  demographic	  category	  of	  information	  also.	  	  The	  last	  error	  type	  that	  was	  found	  in	  this	  study	  was	  an	  error	  of	  generation,	  in	  which	  participants,	  rather	  than	  leaving	  a	  section	  of	  the	  chart	  blank	  to	  show	  an	  error	  of	  omission,	  would	  populate	  the	  chart	  with	  false	  information	  instead.	  	  These	  errors	  were	  predominately	  found	  in	  the	  demographic	  category	  of	  information	  and	  would	  typically	  occur	  in	  the	  form	  of	  assigning	  a	  similar	  name	  to	  the	  name	  of	  the	  patient	  in	  the	  video.	  	  	   Categorization	  of	  information	  in	  this	  way	  helps	  to	  explain	  the	  relationship	  of	  how	  information	  should	  be	  presented	  on	  each	  of	  the	  technological	  interfaces	  for	  the	  greatest	  level	  of	  performance	  among	  medical	  professionals.	  Further	  analysis	  of	  statistical	  differences	  between	  the	  occurrence	  of	  error	  type	  and	  the	  performance	  associated	  with	  technology	  type	  can	  influence	  the	  design	  of	  medical	  charting	  interfaces	  and	  lead	  to	  tangible	  design	  guidelines.	  	  Potential	  reasons	  that	  paper	  consistently	  outperformed	  the	  tablet	  PC	  for	  the	  recall	  of	  information	  could	  be	  due	  to	  the	  disparity	  between	  actual	  experience	  of	  writing	  with	  a	  pen	  and	  writing	  with	  a	  stylus.	  	  Post	  experimental	  surveys	  allowed	  participants	  to	  express	  comments	  on	  using	  the	  two	  systems	  and	  many	  users	  were	  not	  satisfied	  with	  the	  quality	  of	  output	  produced	  from	  using	  a	  stylus.	  	  Future	  research	  could	  benefit	  from	  recording	  the	  time	  it	  takes	  to	  record	  the	  same	  information	  by	  hand	  with	  a	  pen	  and	  while	  using	  the	  stylus	  as	  timing	  could	  have	  been	  a	  factor	  that	  limited	  the	  potential	  for	  recall	  while	  using	  the	  tablet	  PC.	  	  Also,	  the	  use	  of	  Microsoft	  Paint	  application	  may	  have	  been	  too	  cumbersome	  to	  allow	  for	  a	  realistic	  system	  of	  input	  on	  the	  tablet	  PC	  while	  using	  the	  stylus.	  	  	  The	  environmental	  effects	  were	  not	  significant	  during	  the	  first	  study	  so	  they	  were	  left	  out	  from	  the	  second	  study	  in	  order	  to	  simplify	  the	  experimental	  design	  and	  analysis.	  	  During	  the	  first	  study	  participants	  experienced	  three	  different	  experimental	  waiting	  conditions,	  during	  the	  second	  they	  simply	  sat	  and	  waited	  in	  the	  same	  location	  as	  where	  the	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video	  was	  viewed	  and	  the	  medical	  information	  was	  encoded.	  	  While	  this	  is	  not	  representative	  of	  actual	  practices	  in	  a	  hospital	  setting	  it	  helped	  to	  isolate	  the	  effects	  of	  the	  technology	  used	  on	  the	  performance	  of	  memory	  in	  medical	  charting.	  	  	  Similar	  to	  the	  first	  study,	  the	  present	  study	  was	  conducted	  in	  a	  laboratory	  rather	  than	  a	  real	  hospital	  and	  the	  participants	  were	  students	  rather	  than	  physicians	  and	  nurses.	  	  Future	  research	  might	  usefully	  explore	  whether	  or	  not	  effects	  of	  technology	  usage	  can	  be	  confirmed	  in	  a	  real	  hospital	  and	  for	  real	  medical	  professionals.	  	  	  
	  
7.2	  Video	  Clip	  	  Eliminating	  the	  laptop	  condition	  from	  this	  study	  allowed	  for	  the	  comparisons	  between	  video	  clips	  to	  be	  equally	  matched	  on	  information	  presented	  in	  each	  clip.	  	  The	  two	  clips	  that	  were	  used	  were	  the	  post	  partum	  video	  and	  the	  medical	  error	  video	  since	  they	  both	  had	  42	  discernable	  items	  of	  information	  and	  had	  rated	  similarly	  in	  the	  first	  experiment	  on	  interest	  and	  understanding.	  	  Ratings	  of	  .55	  for	  the	  post	  partum	  and	  .51	  for	  the	  medical	  error	  clip	  during	  the	  first	  study	  were	  achieved.	  	  Ratings	  during	  the	  second	  experiment	  were	  similar,	  .58,	  and	  .55,	  which	  demonstrates	  consistency	  among	  both	  groups	  of	  participants.	  	  Perfect	  ratings	  of	  level	  of	  interest	  and	  understanding	  would	  be	  equal	  to	  1.0.	  	  	  Surprisingly,	  after	  pairing	  the	  videos	  for	  level	  of	  interest	  and	  amount	  of	  information,	  there	  was	  a	  significant	  effect	  of	  the	  video	  clip	  on	  the	  number	  of	  items	  recorded	  but	  not	  for	  the	  number	  of	  items	  recalled.	  	  An	  average	  of	  3.2	  more	  items	  were	  recorded	  for	  the	  medical	  error	  clip	  than	  for	  the	  post	  partum	  clip,	  despite	  having	  the	  same	  number	  of	  items	  to	  potentially	  record.	  	  This	  could	  be	  a	  factor	  of	  increased	  levels	  of	  interest	  in	  that	  clip	  as	  compared	  to	  the	  post	  partum	  video,	  however	  the	  sample	  size	  should	  have	  lessened	  that	  effect.	  	  The	  fact	  that	  there	  was	  no	  statistically	  significant	  difference	  in	  the	  number	  of	  items	  recalled	  after	  the	  break	  during	  the	  retrieval	  stage	  suggests	  that	  the	  participants	  were	  being	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limited	  by	  the	  capacity	  of	  their	  working	  memory	  eliminating	  further	  effects	  of	  video	  content	  or	  quality	  to	  impact	  their	  ability	  to	  recall	  information	  (Miller,	  1956).	  	  	  	  Table	  7	  reports	  actual	  mean	  values	  of	  information	  recalled	  after	  the	  1-­‐minute	  break	  for	  each	  of	  the	  videos	  used	  in	  this	  study.	  	  Comparisons	  should	  be	  made	  across	  technology	  within	  each	  column	  of	  information	  type	  to	  help	  indicate	  which	  presentation	  of	  information	  lends	  itself	  best	  for	  performance	  scores	  for	  each	  of	  the	  three	  technologies.	  	  The	  most	  variation	  between	  technologies	  based	  on	  video	  clip	  was	  observed	  in	  the	  post	  partum	  clip	  and	  the	  differences	  were	  noted	  through	  both	  narrative	  and	  numeric	  data.	  	  Although	  the	  effects	  of	  the	  video	  were	  not	  observed	  in	  the	  recall	  stage	  of	  the	  experiment	  it	  would	  still	  be	  useful	  to	  conduct	  this	  research	  in	  actual	  hospital	  facilities	  to	  uncover	  the	  effects	  of	  technology	  use	  and	  environmental	  updating	  effects	  in	  the	  real	  world.	  	  	  
	  
7.3	  Limitations	  	  Limitations	  to	  the	  study	  include	  small	  sample	  size	  (16	  participants)	  and	  the	  lack	  of	  generalizability	  from	  using	  a	  sample	  of	  students	  from	  a	  University.	  	  Both	  age	  and	  familiarity	  with	  technology	  impact	  users	  ability	  to	  perform	  on	  the	  different	  technology	  devices	  and	  should	  be	  considered	  when	  extrapolating	  this	  research	  to	  real	  world	  settings.	  	  A	  limitation	  of	  the	  first	  study	  was	  the	  lack	  of	  standardization	  of	  recruiting	  fluent	  English	  speaking	  students,	  although	  that	  was	  specifically	  addressed	  during	  the	  recruitment	  of	  the	  second	  study	  levels	  of	  understanding	  or	  preference	  towards	  video	  clips	  did	  not	  increase	  as	  expected.	  	  	  	  Similarly	  to	  the	  first	  study	  distraction	  tasks	  were	  not	  implemented	  in	  the	  second	  study	  to	  help	  avoid	  any	  recency	  effects.	  	  Future	  research	  should	  include	  distraction	  tasks	  as	  common	  in	  alternate	  memory	  research	  (Buchsbaum,	  2010).	  	  The	  nature	  of	  the	  structured	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charting	  interface	  being	  provided	  for	  both	  encoding	  notes	  and	  recall	  of	  information	  poses	  the	  same	  threats	  as	  mentioned	  in	  the	  first	  discussion,	  section	  4.5.	  	  	  
	  
7.4	  Future	  directions	  	  Paper	  has	  demonstrated	  its	  superior	  performance	  for	  both	  encoding	  of	  information	  and	  retrieval	  through	  both	  studies.	  	  Initially	  this	  finding	  was	  attributed	  to	  the	  motor	  skills	  associated	  with	  the	  formation	  of	  text	  during	  manual	  writing	  (Parkinson	  et	  al.,	  2007).	  	  The	  second	  study	  employed	  the	  same	  motor	  skills	  used	  in	  handwriting	  while	  asking	  participants	  to	  handwrite	  their	  responses	  on	  a	  tablet	  PC	  and	  paper.	  	  Paper	  again	  displayed	  superiority	  over	  the	  tablet	  PC	  for	  the	  purpose	  of	  encoding	  and	  retrieval	  of	  medical	  information,	  this	  is	  potentially	  due	  to	  the	  familiarity	  with	  paper	  among	  sampled	  participants	  and	  their	  propensity	  to	  choose	  that	  medium	  on	  their	  own	  for	  recording	  important	  notes.	  	  Future	  research	  should	  evaluate	  which	  specific	  features	  of	  the	  paper	  are	  most	  familiar	  and	  try	  to	  replicate	  key	  features	  in	  the	  virtual	  environment.	  	  	  Additionally,	  studying	  the	  human	  processes	  of	  working	  memory	  in	  real	  medical	  settings	  rather	  than	  relying	  on	  the	  quality	  of	  videos	  could	  help	  highlight	  the	  fact	  that	  this	  phenomenon	  happens	  outside	  of	  laboratory	  settings	  in	  the	  real	  world.	  	  Even	  use	  of	  an	  actual	  charting	  system	  could	  highlight	  differences	  that	  were	  not	  captured	  through	  this	  research.	  	  The	  simple	  nature	  of	  the	  charting	  system	  developed	  for	  this	  task,	  see	  appendix	  3,	  could	  have	  hindered	  the	  ability	  to	  locate	  certain	  information	  embedded	  within	  the	  chart	  due	  to	  lack	  of	  familiarity	  of	  participants.	  	  If	  this	  study	  was	  to	  be	  replicated	  in	  real	  hospital	  settings	  it	  should	  employ	  the	  use	  of	  current	  charting	  systems	  that	  the	  professionals	  are	  more	  familiar	  with	  to	  eliminate	  any	  chances	  of	  the	  layout	  of	  information	  impacting	  the	  amount	  of	  information	  that	  was	  recorded	  initially	  and	  recalled	  after	  the	  minute	  delay.	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Guimbretiere	  (2013)	  has	  been	  developing	  paper	  augmented	  digital	  documents	  that	  combine	  an	  electronic	  input	  device	  with	  an	  actual	  pen	  to	  capture	  the	  strokes	  and	  other	  data	  related	  to	  what	  has	  been	  recorded.	  	  	  This	  technology	  could	  be	  used	  to	  tie	  the	  two	  worlds	  together	  in	  the	  future	  of	  medical	  charting	  practices	  (Guimbretiere,	  2013).	  	  The	  system	  uses	  paper	  and	  an	  electronic	  pen	  that	  captures	  stroke	  information	  and	  relays	  it	  to	  a	  digital	  format	  for	  ease	  of	  editing,	  if	  this	  was	  to	  be	  used	  in	  hospitals	  medial	  professionals	  could	  continue	  to	  chart	  on	  paper	  by	  hand	  and	  still	  gain	  the	  benefits	  of	  having	  the	  connected	  database	  as	  the	  information	  they	  input	  is	  uploaded	  to	  the	  web.	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Chapter	  Eight	  
Conclusion	  This	  research	  found	  an	  effect	  of	  technology	  on	  individuals’	  ability	  to	  record	  notes	  and	  recall	  information.	  	  As	  previous	  research	  indicated	  an	  effect	  of	  motor	  memory	  associated	  with	  word	  formation	  in	  handwriting,	  this	  condition	  was	  observed	  to	  be	  preferred	  among	  participants	  for	  note	  taking	  and	  recall.	  	  The	  environmental	  location	  updating	  effect	  was	  not	  supported	  through	  the	  first	  study,	  and	  thus	  was	  not	  evaluated	  during	  the	  second.	  	  The	  performance	  scores	  rated	  similarly	  regardless	  of	  the	  environmental	  waiting	  condition	  the	  participant	  experienced.	  	  This	  is	  great	  news	  for	  doctors	  especially,	  since	  they	  most	  often	  complete	  their	  charting	  activities	  away	  from	  the	  patient’s	  bedside.	  	  Future	  studies	  should	  evaluate	  if	  the	  location	  updating	  effect	  is	  observed	  through	  transitions	  between	  distinctly	  different	  environments	  and	  those	  findings	  can	  provide	  implications	  for	  the	  design	  of	  medical	  charting	  stations	  on	  hospital	  floors.	  	  	  The	  unexpected	  results	  from	  this	  study	  are	  related	  to	  the	  effects	  of	  the	  video	  clips.	  	  Future	  iterations	  of	  this	  research	  should	  evaluate	  the	  effects	  of	  input	  technology	  and	  environmental	  factors	  in	  actual	  hospital	  settings	  to	  avoid	  the	  effects	  of	  the	  quality	  of	  the	  video	  and	  understand	  how	  actual	  trained	  medical	  professionals	  are	  affected	  by	  the	  transition	  from	  paper	  based	  charting	  to	  electronic	  systems	  using	  the	  charting	  templates	  they	  are	  most	  familiar	  with.	  	  If	  this	  study	  was	  completed	  on	  a	  group	  of	  medical	  students	  working	  on	  rounds,	  during	  which	  each	  person	  was	  recording	  information	  on	  the	  same	  patients,	  the	  students	  could	  be	  equipped	  with	  either	  paper,	  a	  tablet	  or	  a	  laptop	  and	  asked	  to	  complete	  their	  charting	  activities	  as	  normal.	  	  The	  comparison	  of	  performance	  between	  these	  students	  could	  indicate	  which	  technology	  allowed	  for	  greater	  amounts	  of	  input	  to	  be	  captured	  and	  thus	  highlight	  which	  system	  is	  best	  for	  recall	  of	  information.	  	  Further	  the	  students	  could	  be	  asked	  to	  complete	  their	  charting	  activities	  in	  various	  locations	  to	  test	  the	  
	  64	  





Andersen, P.; Lindgaard, A.M.; Prgomet, M.; Creswick, N.; Westbrook, J.I.  (2009) Mobile and  
Fixed Computer Use by Doctors and Nurses on Hospital Wards: Multi-method Study on 
the Relationships Between Clinician Role, Clinical Task, and Device Choice J Med 
Internet Res.  11(3): e32.  doi: 10.2196/jmir.1221 
Baddeley, A.  (1988).  Cognitive psychology and human memory.  Trends in Neurosciences, 
11(4), 176-181.  doi:10.1016/0166-2236(88)90145-2 
Bigot, N.L., Passerault, J.M., Olive, T.  (2009).  Memory for words location in writing.  
Psychological Research.  73, 89-97.  DOI 10.1007/s00426-008-0135-9 
Brooks, C.  L., & Erickson, L.  K.  (2012).  What is the solution for clinical nurse educators and 
the electronic medical record? Teaching and Learning in Nursing, 7(4), 129-132.  
doi:10.1016/j.teln.2012.06.003 
Brown, T.  (2011).  Caring for the chart or the patient? The New York Times 
Buchsbaum, B.  R.  (2010).  Neural basis of working memory.  In Editors-in-Chief:  George F.  
Koob A2Michel Le Moal and Richard F.  ThompsonA2 Editors-in-Chief:  George F.  
Koob,Michel Le Moal, & Richard F.  Thompson (Eds.), Encyclopedia of behavioral 
neuroscience (pp.  334-341).  Oxford: Academic Press.  doi:10.1016/B978-0-08-045396-
5.00161-5 
Cassil, A.  (2010).  Commercial electronic medical records (EMRs) both help and hinder 
physician communication with patients and other clinicians: Policies promoting EMR 
adoption could incorporate communication-skills training.  Health System Change 
Chen, P.  W.  (2010, ).  An unforseen complication of electronic medical records.  The New York 
Times 
	  66	  
Cowan, N.  (2008) Chapter 20 what are the differences between long-term, short-term, and 
working memory? Progress in brain research (pp.  323-338) Elsevier.  
doi:10.1016/S0079-6123(07)00020-9 
Drew, T., & Vogel, E.  K.  (2009).  Working memory: Capacity limitations.  In Editor-in-
Chief:  Larry R.  Squire (Ed.), Encyclopedia of neuroscience (pp.  523-531).  Oxford: 
Academic Press.  doi:10.1016/B978-008045046-9.00428-9 
Dunlay, S.  M., Alexander, K.  P., Melloni, C., Kraschnewski, J.  L., Liang, L., Gibler, W.  B., .  .  
.  Peterson, E.  D.  (2008).  Medical records and quality of care<br />in acute coronary 
syndromes.  American Medical Association, 168(15), 1692-6.   
Ericsson, K.  A., & Towne, T.  J.  (2010).  Expertise.  Wiley Interdisciplinary Reviews: Cognitive 
Science, 1(3), 404-416.  doi:10.1002/wcs.47 
Feufel, M.  A., Robinsonb, F.  E., & Shalin, V.  L.  (2011).  The impact of medical record 
technologies on collaboration<br />in emergency medicine.  International Journal of 
Medical Informatics, 80, 85-10.  doi:10.1016/j.ijmedinf.2010.09.008 
Freudenheim, M.  (2004).  Many hospitals resust computerized patient care.  The New York Times 
Freudenheim, M.  (2012).  The ups and downs of electronic medical records.  The New York 
Times, pp.  D4.   
Grossman, J.  M., & Cohen, G.  R.  (2008).  Despite regulatory changes, hospitals are cautious in 
helping physicians purchase electronic medical records.  Health System Change, 123 
Guimbretiere, F.  (2013).  Paper augmented digital documents.  Retrieved November, 15, 2013, 
from http://www.cs.umd.edu/~francois  
Hafner, K.  (2012).  Redefining medicine with apps and iPads.  The New York Times, pp.  D1.   
Han, H., & Lopp, L.  (2013).  Writing and reading in the electronic health record: An entirely new 
world.  Medical Education Online, 18(18634) 
	  67	  
Hatton, J.  D., Schmidt, T.  M., & Jelen, J.  (2012).  Adoption of electronic health care records: 
Physician heuristics and hesitancy.  Procedia Technology, 5(0), 706-715.  
doi:10.1016/j.protcy.2012.09.078 
Hillestad, R., Bigelow, J., Bower, A., Girosi, F., Meili, R., Scoville, R., & Taylor, R.  (2005).  
Can electronic medical record systems transform health care? potential Health Benefits, 
savings, and costs.  Health Affairs, 24(5), 1103-14.  doi:10.1377/hlthaff.24.5.1103 
Holden, R.  J.  (2011).  Cognitive performance-altering effects of electronic medical records: An 
application of the human factors paradigm for patient safety.  Cogn Technol Work, 13(1), 
11-18.  doi:10.1007/s10111-010-0141-8 
Horowitzm, L.  (2012).  A shortcut to wasted time.  The New York Times, pp.  A35.   
Kellogg, R.T.  (1996).  A model of working memory in writing.  In C.  M.  Levy S.  Ransdell 
(Ed.), (pp.  57-71).  Hillsdale, NJ, England: Lawrence Erlbaum Associates, Inc. 
Klein, P.D., Piacente-Cimini, S., & Williams, L.A.  (2007).  The role of writing in learning from 
analogies.  Learning and Instruction, 17(6), 595-611.  
doi:10.1016/j.learninstruc.2007.09.006 
Klingberg, T.  (2010).  Training and plasticity of working<br />memory.  Trends in Cognitive 
Sciences, 14, 317-7.   
Logie, R.  H., & Della Sala, S.  (2001).  Working memory, psychology of.  In Editors-in-
Chief:  Neil J.  Smelser, & Paul B.  Baltes (Eds.), International encyclopedia of the social 
& behavioral sciences (pp.  16587-16593).  Oxford: Pergamon.  doi:10.1016/B0-08-
043076-7/01526-6 
Longcamp, M., Boucard, C., Gilhodes, J., & Velay, J.  (2006).  Remembering the orientation of 
newly learned<br />characters depends on the associated writing<br />knowledge: A 
comparison between<br />handwriting and typing.  Human Movement Science, 25, 646-
10.  doi:10.1016/j.humov.2006.07.007 
	  68	  
Ludwick, D.A., & Doucette, J.  (2009).  Adopting electronic medical records in primary care: 
Lessons learned from health information systems implementation experience in seven 
countries.  International Journal of Medical Informatics, 78(1), 22-31.  
doi:10.1016/j.ijmedinf.2008.06.005 
McAndrew, R., Ban, J.,Playle, R.  (2012).  A comparison of computer- and hand-generated 
clinical dental<br />notes with statutory regulations in record keeping.  European Journal 
of Dental Education, 16, 117-5.  doi:10.1111/j.1600-0579.2011.00684.x 
McLeod, S.  (2008).  Working Memory.  Retrieved from 
http://www.simplypsychology.org/working%20memory.html 
Miller, G.A.  (1956).  "The magical number seven, plus or minus two: Some limits on our 
capacity for processing information".  Psychological Review 63 (2): 81–97. 
Morrison, C., Fitzpatrick, G., & Blackwell, A.  (2011).  Multi-disciplinary collaboration during 
ward rounds: Embodied aspects of electronic medical record usage.  International Journal 
of Medical Informatics, 80(8), e96-e111.  doi:10.1016/j.ijmedinf.2011.01.007 
Naka, M., & Naoi, H.  (1995).  The effect of repeated writing on memory.  Memory & Cognition, 
23(2), 201-12.   
O’Malley, A.  S., Grossman, J.  M., Cohen, G.  R., Kemper, N.  M., & Pham, H.  H.  (2009).  Are 
electronic medical records helpful for care coordination? experiences of physician 
practices.  Society of General Internal Medicine, doi:10.1007/s11606-009-1195-2 
Ofri, D.  (2011).  When computers come between doctors and patients.  The New York Times 
O'Malley, A.  S., Cohen, G.  R., & Grossman, J.  M.  (2010).  Electronic medical records and 
communication with patients and other clinicians: Are we talking less? .  Health System 
Change, (131) 
Parkinson, J., Khurana, B.  (2007).  Temporal order of strokes primes letter recognition,  
The Quarterly Journal of Experimental Psychology, 60(9), 1265-1274 
	  69	  
Pollarda, S.E., Neria, P.M., Wilcoxa, A.R., Volka, L.A., Williams, D.H., Schiff, G.D., Bates, 
D.W.  (2013).  How physicians document outpatient visit notes in an electronic health 
record.  International Journal of Medical Informatics, 82, 39-7.  
doi:10.1016/j.ijmedinf.2012.04.002 
Pourasghar, F., Malekafzali, H., Koch, S., & Fors, U.  (2008).  Factors influencing the quality of 
medical documentation when a paper-based medical records system is replaced with an 
electronic medical records system: An iranian case study.  International Journal of 
Technology Assessment in Health Care, 24(4), 445-51.  
doi:http://dx.doi.org.proxy.library.cornell.edu/10.1017/S0266462308080586 
Radvansky, G.  A., Krawietz, S.  A., & Tamplin, A.  K.  (2011).  Walking through doorways 
causes forgetting:Further explorations.  The Quarterly Journal of Experimental 
Psychology, 64(8), 1632-13.  doi:10.1080/17470218.2011.571267 
Reich, A.  (2012).  Disciplined doctors: The electronic medical record and physicians' changing 
relationship to medical knowledge.  Social Science & Medicine, 74(7), 1021-1028.  
doi:10.1016/j.socscimed.2011.12.032 
Repovs, G., & Baddeley, A.  (2006).  The multi-component model of working memory: 
Explorations in experimental cognitive psychology.  Neuroscience, 139(1), 5-21.  
doi:10.1016/j.neuroscience.2005.12.061 
Richardson, J.  T.  E.  (2007).  Measures of short-term memory: A historical review.  Cortex, 
43(5), 635-650.  doi:10.1016/S0010-9452(08)70493-3 
Richtel, M.  (2011).  As doctors use more devices, potential for distraction grows.  The New York 
Times 
Saleem, J.  J., Russ, A.  L., Justice, C.  F., Hagg, H., Ebright, P.  R., Woodbridge, P.  A., & 
Doebbeling, B.  N.  (2009).  Exploring the persistence of paper with the electronic health 
record.  International Journal of Medical Informatics, 78(9), 618-628.  
doi:10.1016/j.ijmedinf.2009.04.001 
	  70	  
Shabbir, S.  A., Ahmed, L.  A., Sudhir, R.  R., Scholl, J., Li, Y., & Liou, D.  (2010).  Comparison 
of documentation time between an electronic and a paper-based record system by 
optometrists at an eye hospital in south india: A time–motion study.  Computer Methods 
and Programs in Biomedicine, 100(3), 283-288.  doi:10.1016/j.cmpb.2010.04.003 
Sharda, P., Das, A.  K., Cohen, T.  A., & Patel, V.  (2006).  Customizing clinical narratives for 
the electronic medical record interface using cognitive methods.  International Journal of 
Medical Informatics, 75(5), 346-368.  doi:10.1016/j.ijmedinf.2005.07.027 
Siika, A.  M., Rotich, J.  K., Simiyu, C.  J., Kigotho, E.  M., Smith, F.  E., Sidle, J.  E., Tierney, 
W.  M.  (2005).  An electronic medical record system for ambulatory care of HIV-infected 
patients in kenya.  International Journal of Medical Informatics, 74(5), 345-355.  
doi:10.1016/j.ijmedinf.2005.03.002 
Simborg, D.W.  (2008).  Promoting electronic health record adoption.  is it the correct focus? 
Journal of the American Medical Informatics Association, 15(2), 127-3.  
doi:10.1197/jamia.M2573 
Stausberg, J., Koch, D., Ingenerf, J., & Betzler, M.  (2003).  Comparing paper-based with 
electronic patient records: Lessons learned during a study on diagnosis and procedure 
codes.  Journal of the American Medical Informatics Association, 10(5), 470-477.  
doi:10.1197/jamia.M1290 
Steward, M.  (2005).  Electronic medical records: Privacy, confidentiality, liability.  Journal of 
Legal Medicine, 26(4) doi:10.1080/01947640500364762 
Thielke, S., Hammond, K., & Helbig, S.  (2007).  Copying and pasting of examinations within the 
electronic medical record.  International Journal of Medical Informatics, 76, Supplement 
1(0), S122-S128.  doi:10.1016/j.ijmedinf.2006.06.004 
Van der Linden, M.  (1998).  The relationships between working memory and long-term memory.  
Comptes Rendus De L'Académie Des Sciences - Series III - Sciences De La Vie, 321(2–3), 
175-177.  doi:10.1016/S0764-4469(97)89818-6 
	  71	  
Wang, S.  J., Middleton, B., Prosser, L.  A., Bardon, C.  G., Spurr, C.  D., Carchidi, P.  J., Bates, 
D.  W.  (2003).  A cost-benefit analysis of electronic medical records in primary care.  The 
American Journal of Medicine, 114(5), 397-403.  doi:10.1016/S0002-9343(03)00057-3 
 
	  72	  





df F Sig. 
Intercept 1 39.870 807.036 .000 
Gender 1 38.115 1.048 .312 
Environment 2 79.820 .851 .431 
Technology  2 79.842 17.260 .000 
Video Clip 2 79.842 61.714 .000 
Environment * Technology 4 74.177 .361 .836 
Environment * Video Clip 4 74.441 .174 .951 
Technology * Video Clip 4 63.220 .394 .812 
Environment * Technology * Video 





df F Sig. 
Intercept 1 39.861 488.386 .000 
Gender 1 38.088 .077 .783 
Environment 2 79.604 .397 .674 
Technology  2 79.628 7.338 .001 
Video Clip 2 79.628 34.442 .000 
Environment * Technology 4 71.719 .854 .496 
Environment * Video Clip 4 71.786 .284 .887 
Technology * Video Clip 4 60.165 .298 .878 
Environment * Technology * Video 
Clip 8 80.534 .986 .454 	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  Study	  2:	  ANOVA	  Table	  of	  Fixed	  Effects,	  Dependent	  Variable	  number	  of	  items	  recorded	  during	  encoding.	  	  	  
Source Numerator df Denominator df F Sig. 
Intercept 1 13 298.884 .000 
Gender 1 13 .973 .342 
Technology 1 14 11.085 .005 
Video Clip 1 14 13.052 .003 
Technology * Video Clip 1 13 .002 .963 	  Study	  2:	  ANOVA	  Table	  of	  Fixed	  Effects,	  Dependent	  Variable	  number	  of	  items	  recalled	  after	  1	  minute	  break.	  	  	  
Source Numerator df Denominator df F Sig. 
Intercept 1 13 204.635 .000 
Gender 1 13 .134 .720 
Technology 1 14 10.145 .007 
Video Clip 1 14 3.652 .077 
Technology * Video Clip 1 13 .490 .496 	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   Appendix	  B	  	  Pairwise	  Comparisons	  	  
Pairwise	  Comparisons	  of	  Technology	  used	  during	  Encoding	  stage.	  	  (Study	  1)	  95%	  Confidence	  Interval	  for	  Differencec	  (I)	  technology	   Mean	  Difference	  (I-­‐J)	   Std.	  	  Error	   df	   Sig.c	   Lower	  Bound	   Upper	  Bound	  Tablet	  	   3.744*	   .638	   80.378	   .000	   2.185	   5.302	  Paper	  	  	   Laptop	   1.679*	   .634	   80.842	   .029	   .128	   3.230	  Paper	   -­‐3.744*	   .638	   80.378	   .000	   -­‐5.302	   -­‐2.185	  Tablet	  	   Laptop	   -­‐2.065*	   .648	   78.268	   .006	   -­‐3.650	   -­‐.480	  Paper	  	   -­‐1.679*	   .634	   80.842	   .029	   -­‐3.230	   -­‐.128	  Laptop	   Tablet	  	   2.065*	   .648	   78.268	   .006	   .480	   3.650	  Based	  on	  estimated	  marginal	  means	  
	  




Pairwise	  comparisons	  between	  technology	  and	  number	  of	  items	  recorded	  in	  
encoding	  stage.	  	  (Study	  2)	  	   95%	  Confidence	  Interval	  for	  Differencec	  (I)	  technology	   Mean	  Difference	  (I-­‐J)	   Std.	  	  Error	   df	   Sig.c	   Lower	  Bound	   Upper	  Bound	  Paper	   Tablet	   2.938*	   .882	   14	   .005	   1.045	   4.830	  Tablet	   Paper	   -­‐2.938*	   .882	   14	   .005	   -­‐4.830	   -­‐1.045	  Based	  on	  estimated	  marginal	  means	  	  
Pairwise	  comparisons	  between	  technology	  and	  number	  of	  items	  recorded	  in	  retrieval	  
stage.	  	  (Study	  2)	   95%	  Confidence	  Interval	  for	  Differencec	  (I)	  technology	   Mean	  Difference	  (I-­‐J)	   Std.	  	  Error	   df	   Sig.c	   Lower	  Bound	   Upper	  Bound	  Paper	   Tablet	   2.500*	   .785	   14	   .007	   .817	   4.183	  Tablet	   Paper	   -­‐2.500*	   .785	   14	   .007	   -­‐4.183	   -­‐.817	  Based	  on	  estimated	  marginal	  means	  	  
Pairwise	  comparisons	  between	  video	  clip	  and	  number	  of	  items	  recorded	  in	  encoding	  
stage.	  	  (Study	  2)	  	   95%	  Confidence	  Interval	  for	  Differencec	  (I)	  clip	   Mean	  Difference	  (I-­‐J)	   Std.	  	  Error	   df	   Sig.c	   Lower	  Bound	   Upper	  Bound	  Medical	  Error	   Post	  Partum	  Hemorrhage	   3.188*	   .882	   14	   .003	   1.295	   5.080	  Post	  Partum	  Hemorrhage	   Medical	  Error	   -­‐3.188*	   .882	   14	   .003	   -­‐5.080	   -­‐1.295	  Based	  on	  estimated	  marginal	  means	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Appendix	  D	  Consent	  form	  
Today	  I	  am	  asking	  you	  to	  participate	  in	  a	  research	  study.	  	  This	  form	  is	  designed	  to	  give	  you	  
information	  about	  this	  study.	  	  I	  will	  describe	  this	  study	  to	  you	  and	  answer	  any	  of	  your	  questions.	  	  	  
	  
Project	  Title:	  	   Medical	  Charting	  Assessment	  	  
	  
Principal	  Investigator:	  Angela	  Spangler	  	  	   	   Faculty	  Advisor:	  Alan	  Hedge	  
Design	  &	  Environmental	  Analysis	   Design	  &Environmental	  Analysis	  	  
Email:	  ams748@cornell.edu	  	   	   Email:ah29@cornell.edu	  
	  
What	  the	  study	  is	  about 
The	  purpose	  of	  this	  research	  is	  to	  study	  the	  different	  technologies	  nurses	  use	  in	  medical	  
charting.	  
	  
What	  we	  will	  ask	  you	  to	  do	  
After	  a	  brief	  training	  video	  and	  practice	  using	  the	  tablet,	  I	  will	  ask	  you	  to	  watch	  three	  short	  video	  
clips	  that	  are	  each	  two	  minutes	  long.	  	  During	  the	  video	  you	  will	  be	  given	  a	  blank	  medical	  chart	  
that	  you	  will	  fill	  in	  as	  much	  information	  as	  could	  be	  gathered	  from	  the	  short	  clip.	  	  You	  will	  take	  a	  
short	  break	  and	  then	  be	  asked	  to	  fill	  in	  the	  form	  again.	  
 
Risks	  and	  discomforts 
I	  do	  not	  anticipate	  any	  risks	  from	  participating	  in	  this	  research. 
 
Benefits	   
There	  are	  no	  direct	  benefits	  from	  participating	  in	  this	  research.	  	   
 
Payment	  for	  participation	   
You	  will	  receive	  $5	  for	  participating	  in	  this	  study.	  	   
 
Privacy/Confidentiality	   
After	  signing	  this	  form	  you	  will	  be	  given	  a	  unique	  identification	  number	  that	  will	  be	  used	  in	  lieu	  
of	  your	  name	  for	  storing	  data.	  	  Your	  name	  will	  only	  appear	  on	  these	  records	  and	  for	  all	  future	  
analysis	  your	  number	  will	  be	  used	  in	  order	  to	  protect	  your	  privacy	  and	  keep	  all	  responses	  
confidential.	  	  	  
	  
Taking	  part	  is	  voluntary 
Participation	  in	  this	  study	  is	  completely	  voluntary.	  	  You	  may	  reserve	  the	  right	  to	  refuse	  to	  
participate	  before	  the	  study	  begins,	  discontinue	  at	  any	  time,	  or	  skip	  any	  questions/procedures	  
that	  may	  make	  you	  feel	  uncomfortable,	  with	  no	  penalty,	  and	  no	  effect	  on	  the	  compensation	  
earned	  before	  withdrawing,	  or	  your	  academic	  standing,	  record,	  or	  relationship	  with	  the	  
university. 
 
If	  you	  have	  questions 
The	  main	  researcher	  conducting	  this	  study	  is	  Angela	  Spangler,	  a	  graduate	  student	  at	  Cornell	  
University.	  	  Please	  ask	  any	  questions	  you	  have	  now.	  	  If	  you	  have	  questions	  later,	  you	  may	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contact	  Angela	  Spangler	  at	  ams748@cornell.edu	  or	  contact	  Alan	  Hedge	  ah29@cornell.edu.	  	  If	  
you	  have	  any	  questions	  or	  concerns	  regarding	  your	  rights	  as	  a	  subject	  in	  this	  study,	  you	  may	  
contact	  the	  Institutional	  Review	  Board	  (IRB)	  for	  Human	  Participants	  at	  607-­‐255-­‐5138	  or	  access	  
their	  website	  at	  http://www.irb.cornell.edu.	  	  You	  may	  also	  report	  your	  concerns	  or	  complaints	  
anonymously	  through	  Ethicspoint	  online	  at	  www.hotline.cornell.edu	  or	  by	  calling	  toll	  free	  at	  1-­‐
866-­‐293-­‐3077.	  	  Ethicspoint	  is	  an	  independent	  organization	  that	  serves	  as	  a	  liaison	  between	  the	  
University	  and	  the	  person	  bringing	  the	  complaint	  so	  that	  anonymity	  can	  be	  ensured.	  
	  
You	  will	  be	  given	  a	  copy	  of	  this	  form	  to	  keep	  for	  your	  records.	  	  	  
 
Statement	  of	  Consent	  
I	  have	  read	  the	  above	  information,	  and	  have	  received	  answers	  to	  any	  questions	  I	  asked.	  	  I	  
consent	  to	  take	  part	  in	  the	  study.	  	  	  
	  
Your	  Signature	  __	   	   	   	   	   	   	   	  Date	   	   	   	  
	  
Your	  Name	  (printed)___	   	   	   	   	   	   	   	   	   	  
	  
Signature	  of	  person	  obtaining	  consent__	   	   	   	   	  Date	   	   	   	  
	  
Printed	  name	  of	  person	  obtaining	  consent	   	   	   	   	   	   	   	  
	  




Appendix	  E	  Post	  Experiment	  Survey	  Identification	  Number:	  __________	  Age:	  __________	  Major:	  _______________________________	  Year	  in	  School:	  ____	  Freshman	  	  ____	  Sophomore	  	  ____	  Junior	  ____	  Senior	  ____	  Grad	  	  Pre-­‐Med:	  ____	  yes	  ____	  no	  	  1. NOTE	  TAKING:	  On	  the	  blank	  next	  to	  each	  technology	  please	  indicate	  the	  percentage	  of	  time	  that	  you	  find	  yourself	  using	  that	  technology	  to	  take	  notes.	  	  	  (If	  you	  only	  use	  one	  then	  write	  100%	  on	  that	  line	  and	  leave	  the	  others	  blank)	  ____________	  Paper	  ____________	  Tablet	  ____________	  Laptop	  	  2. GENERAL	  USE:	  On	  a	  typical	  day	  how	  many	  hours	  do	  you	  use	  each	  of	  the	  following	  technologies?	  	   ____________	  Paper	  ____________	  Tablet	  ____________	  Laptop	  	  3. MEMORY:	  Which	  technology	  would	  you	  use	  if	  you	  were	  interested	  in	  remembering	  a	  specific	  piece	  of	  information?	  (highlight	  one)	  	  a. A	  form	  of	  paper	  b. A	  personal	  tablet	  	  c. A	  laptop	  computer	  	  4. Please	  fill	  in	  the	  table	  below	  with	  values	  from	  1-­‐10.	  	  1=	  least,	  10	  =	  most	  	   Post	  Partum	  Hemorrhage	  (Mrs.	  	  Woolf)	   Medical	  Error	  	  (Mr.	  	  Waters)	  	   Diabetes	  education	  (Mr.	  	  Zoreb)	  	  Memorable	  	   	   	   	  Interesting	  	   	   	   	  Understandable	   	   	   	  Enjoyable	  	  	   	   	   	  Quality	  of	  information	   	   	   	  	   5. Please	  provide	  any	  additional	  feedback	  or	  comments	  about	  the	  videos	  below:	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Appendix	  F	  	  Flyer
	  
